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.ONR-AMPP Goals and ASDL Objectives

Overall ONR Goal (AMPP program)
Develop methods for measuring and predicting affordability during
S&T investment decision making for optimal resource allocation

Results of Georgia Tech ASDL Research Grant
* A comprehensive, structured, and transparent decision making
methodology has been developed to guide S&T investment and
resource allocation, with the capability for risk reduction, total
ownership cost reduction, and performance improvement.

» The baseline tool created to implement this process is called TIES:
the Technology Identification, Evaluation, and Selection tool
TIES is the research testbed as well as research product !
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_.ASDL-ONR Objective Mapping

AMPP Objectives:
w Facilitate S&T Resource J
Allocation Decisions

@« Enable Early Definition/
Assessment of Weapon System /
Design Trade Spaces

& Assess Impact of Technology J
Insertion

w  Perform Total Cost of Ownership
Prediction and reduction for Q/
Navy Weapon Systems

& Define Affordability Metrics '

Predict System Affordability Q/

ASDL Research Thrusts:
& Multi-Attribute Decision Making

@& Technology Impact Forecasting

w  Technology Identification,
Evaluation, and Selection

& Joint Multivariate Probabilistic
Modeling

@ Advances in Soft Computing

Dr. Dimitn Mavris / Dr. Dan Delaurentis [
Georgia Institute of Technology AS [ ,rs
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ONR Grant: ASDL Ph.D, Student/Staff Support .. ..

Ms. Debora Daberkow (ASDL)
Ms. Danielle Soban (ASDL)
Ms. Elena Garcia (ASDL)

Ms. Shobana Murali (Math)

Dr. Dimitri Mavris (AE)

Dr. Dan Schrage (AE)

Dr. Leonid Bunimovich (Math)
Dr. Jimmy Tai(AE)
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Multidisciplinary Professional Team:

Number of Ph.D. Students Supported: 8

Mr. Oliver Bandte (ASDL)
Mr. Andy Baker (ASDL)
Ms. Linda Wang (ASDL)
Mr. Noppadon Khiripet (EE)

Number of Masters Students Supported: - 8

4
Dr. Daniel DeLaurentis (AE)
Dr. Mark Hale (AE)
Dr. George Vachtsevanos (EE)
Dr. Ivan Burdun (AE)

+ Over 40 students exposed to methods in graduate design curriculum
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Collaborative Research Sponsorship

NASA Ames " Office ot
gley, oo Systems Analysis Bran Naval Research v
h\&“ 2l wwghquAFhL
» N‘\B\ v + ALCCADevelopment * Afford. Measurement via Joint PDFs g
L & o
o g » _ < Aopust Design Methods * Fuzzy Decision Making Technique
e
* Advances in Soft 00mputing

» Matrics Development

« Risk/Readiness Research | * Critical Technology ID Methods

Proof of Concept
Application
(HSCT, from NASA)

Methods
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»1 Defi_nition of Affordability

Affordabilitv: The ratio of benefits provided or gained from the system over the cost of achieving those benefits
In a probabilistic, Modeling & Simulation approach, Risk is inherent in these estimates

CDF

. Weapon System Effectiveness
S & T Affordability = pon System Eff .
Investment to Achieve This Effectiveness

Weapon System Effectiveness- Aircraft Example

i Cost <i #4554 Operational Effectiveness <
I [ I

* Acquisition cost Survivablility Capability Dependability
« Operation cost . . . - Satety

+ Maintensnce cost wVuineraity  E [+ inhorontavatabitty B [ saneuverasiey B | <RI

+ Akeratt roplacomen + Reliabiity + Satiaying misston § | MArtenance

crow - requirements o
. om: . e rt + Design defecta
m"ﬂ:' Logistics suppo < Lothaiily gn defect
+ ROVAE Cost + Operations

Effectiveness = k,(Capability)+ ky(Survivability)+ ky(Readiness)+ k,(Dependability)
+ k¢(Life Cycle Cost)
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Science & Technology Return on Investment (ROl)

S R e

An Alternate Evaluation Criterion:

d Benefit . _dCostSavings = _d Risk Reduction
0 S&T Investment ’ 0 S&T Investment ’ d'S&T Investment

ROI Assesses the impact that the S&T investment made on
the system performance, survivability, safety, ...,
developmental, production, support life cycle cost and on
averting or reducing risk or by improving the readiness
associated with a given technology.

Dr Dimuri Mavsis / Dr. Dan Delaurentis

$ran

Georgia Insutute of Technology ASDl fwﬁ
anta, GA 30332.015 L b BORFNy

A e 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) 3

Problem Definition- Hierarchical Decomposition
National National Economic
Level Security Security
Campaign
Level
Asset
Level
System Dependability Survivzibility Capability Lethality T:nal Own. Cost
Effectiveness | e | g
Attributes | maneuverability speed payload $ RDTE $ O&S range susceptibility
fiscifﬁne L/D SFC EW IR/RC DOC/Sortie
eve) X
Technologies
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_____Technical Areas of Research

ASDL’s research for the ONR presented here falls in the following categories:

Decision-Making methods for Affordability, with and without modeling and
simulation capabilities. This area includes:
 analysis of alternative concepts and technologies
o joint multivariate probability models for decision making
o multi-attribute methods such as TOPSIS
& decision tree networks with fuzzy inputs.
Affordability measurement and prediction (forecasting) of future technology
options, in the presence of a variety of uncertainties. This area includes:
o+ Use of Response Surface Models of physics-based analyses
o Uncertainty modeling and use of Fast Probability Integration (FPI)
o Preliminary research into stochastic models and methods
* Concurrent, physics-based modeling of system requirements and technologies
& Nonlinear, constrained equation solver for feasible solutions that trade
requirements and technology levels

All three of these areas are encompassed in the overall TIES environment

Dr. Dimita Mavns / Dr Dan Delaurentis [ g3
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_Review of Year 1 Results

An innovative, comprehensive method for engineering decision making was created, the
Technology Identification, Evaluation, and Selection (TIES) method, populated by:
« Problem Definition/Brainstorming Tools: QFD, Morphological Matrix, Pugh Matrix
o Intelligent Modeling & Simulation and Technology Impact Forecast through
Response Surface Methods
« Method for rapid assessment of technical feasibility and economic viability
+ Multi-attribute decision making methods (MADM)
« Initiation of a Joint Probability Decision Making (JPDM) model

Investigation of Advanced Math and Soft Computing Techniques
+ Review and classification of nine emerging techniques
« Comparative study of Neural-Network and Response Surface approximations
o Employment of Fast Probability Integration (FPI) techniques to assist in probabilistic
formulation
« Review of advanced tree-network formulations for decision-making under uncertainty
and schedule constraints

Dr. Dimitn Mavns / Dr. Dun DeLaurentis Ny
Georgia Institute of Technalogy ASDl \f;%
Adanta. GA 30332.0150 _— wo
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Summary of Year 2 Results

] Slgmﬁcant enhancements to the TIES affordablhty env1ronmem est. in Year 1
@ Pilot Studies: Environment prototype for Navy's F-18C, NASA’s HSCT, a notional
150 pax transport, and a short-haul civil tiltrotor
& JPDM incorporation and validation; n-variate math model constructed
@ Genetic Algorithm for technology combinatorial selection problems
# Fuzzy Decision tree constructed to treat stochastic affordable technology selection
problem, an evolution of TIES to include schedule/cost as well as performance

2. Completion of the investigative research into mathematical and soft computing
techniques and stochastics, resulting in:

@ Web-based database of advanced math and soft computing techniques relevant to
affordability measurement and prediction, including current investigators, computer
codes, and transition status

® Several implementations of methods (Fuzzy sets, GA's, Neural Networks)

& Roadmap towards stochastic methods established, research goals prioritized

3. A powerful mathematical tool to examine the simultaneous impact of vehicle
requirements & technologies has been created and initially tested on a F/A-18C case,
including carrier suitability constraints.

4. Methods have been integrated in Graduate level curriculum

Dr Dimites Movrix / Dr, Don DeLaurentis

Georgia Institute of Technolagy S
Atlanta GA 30332-0150
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_Research Payoffs: Value Added to USN

P AT B PR

» Tradeoff requirements vs. technologies early in design and procurement
phases, with implications for Navy Total Cost of Ownership (TOC) reduction
« Ability to identify and assess the impact of new technologies for
Resource allocation planning
« Probabilistic assessment of design, technological, and operational
uncertainty
« Efficient system feasibility and economic viability assessment

* Reduction in design cycle time and cost

* Design for affordability in an IPPD environment

.| » Design for “cost as an independent variable” (CAIV) as a
stochastic process

« Initial implementation of affordability methods to F/A-18C
and NASA’s HSCT, with further validation on Navy systems
proposed
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| Section 2

1. Introduction and Research Setting/Summary

2. Overall Technical Approach for Affordable Systems Design
- Feasibility/Viability Examination and the TIES
Method for Affordable Technology Investment

3. Methods Implementation and Testbed Applications

4. Key Advancements in Method Components

5. Conclusions/Summary
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Decision Making:

Tyvq}»A}{gQ’yx% for Technology Assessment .

A

p s

1) Subjective Rankings through QFD, Pugh Diagrams, and Multi-
Attribute Decision Making (MADM)

« DoD guiding documents (e.g. DTAPS) & expert opinion are used to establish
a mapping of the Navy’s warfighting structure

+ Through Quality Function Deployment (QFD) and Pugh Diagrams, this
mapping is used to subjectively assign importance weights to various
technologies accounting for joint warfighting needs

« Multi-Attribute Decision Making (MADM) techniques use results to guide the
decision maker to the best solutions

2) Modeling & Simulation (M&S) and Joint Probabilistic Decision
Making (JPDM)

« Engineering analyses and physics-based models of technologies are
employed in order to obtain objective estimates of technology impacts

» Probabilistic analysis techniques captures uncertainty and risk among
multiple, inter-related decision criteria

Dr. Dimitd Mavris 7 Dr. Dan Delavrenus P
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Established Techniques + Innovative Methods = The TIES
Affordability Approach

Established Techniques

* Response Surface Method (Biology; Ops Research)
Design of Experiments (Agridulture, Manuf.)

Quality Function Deployment, Pugh Diagram (Automotive)
Morphological Matrix (Forecasting) '

MADM techniques (U.S Army, DoD)

Uncertainty/Risk Analysis (Controls; Finance)
Simulation-Based Acquisition (DoD Procurement)

ASDL Innovation

Feasibility/Viability dentification

Technology Impact Forecast

Joint Probabilistic Decision Making

Stochastic approaches

Intelligent Integration==>TIES Affordability Meth.
459156
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Physics-Based Modeling and Simulation Environ__me»r\]t

{ Robust Design Simulation I[

Subject to " Decision Making
Design & Environmental (MADM)

Technology Constraints
Infusion
st Objectives:
Physics- * Attribute 1
Based N X Economic 3\ (e.g. Cost)
. Synthesis - Operational || .~ . N
Modeling & Sizing m Environment Life Cy?Ie J * Attribute 2
Analysis (e.g. Performance)
Activity and « Attribute 3
Process- LA
Based
Modeling Economic & Impact of New
Discipline Technologies-
Uncertainties Performance & Customer
Schedule Risk Satisfaction
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1

Creation of a Multi-disciplinary Physics-Based M&S
Enyironment

Safety

\ = 9
LONOMICS
Economics

d I l
Aerodynarr Aerodynamics

Manufacturi
Manufacturing

Increasing
Sophistication and
Complexity

Integrated Routines

Table Lookup . /
S&C . Perf
COnceptual Design Tools

Approximating Function (First-Order Memwy
irect Coupling of Analyses

Propulsion

Performance

Preliminary Design Tools
(Higher-Order Methods)

Propulsion

Dr Dimin Mavns /Dy Dan DeLaurentis
Geagis Institute of Technology
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Response Surface Methodology (RSM)

oA

« RSM is a multivariate regression technique developed to model the
response of a complex system using a simplified equation

« RSM is based on the design of experiments methodology which gives
the maximum power for a given amount of experimental effort

+ Typically, the response is modeled using a second order quadratic
equation of the form:

k k k-1 k
R=b,+).bx +zbiixi2 +3, Ybxx
i=] i=1

i= j=i+l

Where,
b, are regression coefficients for the first degree terms

b, ; are coefficients for the pure quadratic terms
b, ; are the coefficients for the cross-product terms

D: Dimitri Mavris / Dr. Dan DeLaurentis -
Geargia Institute of Technology SBl

GA 30332-0150 e A£ \
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Design of Experiments

Dr. Dimitri Mavns / Dr. Dan
Geurgiu Institute of Technalo
Atlanta. GA 30332-0150
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Design of For 7 For 12 Equation
| _Experiments Variables Variables
Full Factorial 2,187 531,441 3"
Central 143 4,121 2"°+2n+l1
Composite
Box-Behnken 62 2,187 -
D-Optimal 36 91 (n+1)(n+2)/2
Design
Factors
Run X, X, X, Response
1 -1 ] -1 Y,
2 +1 -1 -1 ¥
3 -1 +1 -1 s
4 +1 +1 -1 Ya
5 -1 -1 +1 ¥s
6 +1 -1 +1 Yo
7 -1 +1 +1 ¥1
8 +1 +1 +1 Ys

Delaurentis
ey
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Physics-Based Modelingwa‘r_\”d Simulation Environment

‘.,.----{E)bust Design Simulation }

Technology
v Infusion
Physics-
Based
Modeling

Activity and
Process-
Based
Modeling

Subject to

Design & Environmental
Constraints

Decision Making

(MADM)

Objectives:

Synthesis Operational Ec onomic

- . Life-Cycle

& Sizing Environment X
Analysis

Economic & Impact of New
Discipline Technologies-
Uncertainties Performance &

~Schedule Risk

Dr Dimitri Mavris / Dr. Dan Del aurentis

Georia Institute of Technology

Allanta. GA 30332-0150
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¢ Attribute 1

(e.g. Cost)

7 * Attribute 2

(e.g. Performance)
« Attribute 3

Customer
Satisfaction
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PRobust Design

Robust Design is the systematic approach to finding optimum
values of design factors which results in economical designs
which maximize the probability of success.

A Robust Design is characterized by:

Technical Feasibility — satisfies all technical constraints
for a given confidence level,

Viability —  customer’s economic targets are
also met
Dr Dimitr Mavns / Do Dan Delsurentis FOL -
Georgiz Institute of Technology . .I_S 0l oW
Atanta GA Jomease 1999 ONR Grant Roview- A Systems Design L Y (ASDL) e
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 Options for Probabilistic Design

o

S

Sophisticated Monte
Analysis Code Carlo

Time-Consuming
Computationally Intense

100%

P

II Metamodel Monte
(e.g., Response Surface) + Carlo

0%

100%

III Sophisticated Fast Probability
Analysis Code + Integration P
0%

NN

(approximates Monte Carlo) Objective

Dr. Dimitn Movris / Dr_Dan Delaurentis e
Georga Institute of Technology ASDl La,s
Atlz 303320150 e & .
w:’?l:.sg? gatech.edu 1999 ONR Grant Review- A Systoms Design Laboratory (ASDL)
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-

Fast Probability Integration (FPI)

FPlI manages program execution while
handling up to 100 deterministic (x) or
probabilistic (y;) variables, with capability for
expansion

Establishes design feasibility

Identification of most critical constraints

Creates probabilistic sensitivity derivatives
and CDFs for each objective & constraint
Assessment of new technologies impact
deterministically or probabilistically

Probabilistic solutions for a set of design

variables subject to uncertainty

« |dentification of feasible and/or robust solutions, by assigning random
distributions to each design variable, within the range of applicability, and
allowing for operational and manufacturing uncertainty

Dr. Dimitri Mavris / Dr. Dan DeLaurentis L
Geargia Instiwte of Technology ASDI o"ﬁ
—

Janta. GA 30332-0150 _&:
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Characterizing the Feasibility/Viability Method
B e — oy S A A R S e T
QI: What are the measures of success ?

Q2: Is anew technology needed 7 i.e. Can optimization satisfy the requirements ?

Q3a: What constraints aré being violated ?

Q3b: Can constraints be relaxed ?

Q3c: Can requirements be relaxed? Can they be manipulated/examined simultaneously ?
Q3d: What discipline metric is responsible for this violation ?

Q4a: What is the mapping between technologies and metrics, including adverse effects ?
Q4b: What is the confidence associated with a technology estimate ?

Q4c: What is the optimal resource allocation (including combinations of technologies) ?
Q4d: Multi-Attribute Decision Making methods (MADM) yields best mix of technologies ?

Q5: With technologies and confidence estimates chosen, return to full analysis. Can final
design space exploration and robust design optimization improve the result ?

Dr. Dimitri Mavris 7 Dr. Dun DeLaurentis ‘Sﬂ[ ©

Georgin Institute of Technology Vs'"
Atlanta, GA 303320150 — -&,
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Roadmap to System Affordability

_Achieving Technical Feasibility & Economic Viability

S i

Determine System Feasibility

Constraint Fault Tree

FPi(AIS) or Monte Car¥s

ﬁj Problem Definition
identity objectives, constraints,
design variables {and associated
side constraints), analyses,
uncertainty models, and metrics

P(teas}

Design Space Model
,xI I""I _,‘ ]

Decision Making
* MADM Techniques

+ Robust Design Simulation
* incorporate Uncertainty Modd

» Technology Selection
* Resource Allocation
¢ Robust Design Sotution

Dr Dinutri Mavris / Dr Dan Delaurentis

Examine Feasible Space Constraim
Cumulative Distribution
Functions (CDFs)
h.ﬁ P
3
X =
EI]. 2 FPI(AMV) o c,
(§ or
5 c Monte Carlo
g c,
= Pm -
3
Cy

Technalogy Identificati ion/Selection (TIES)

Relax Active
Constraint:
?

« identity Technology Atternatives
* Collect Technology Attributes

« Form Metamodels for Attribute Metrics P
through Modeling & Simulation m
« incorporate Tech. Confidence Shape Fcn: C
« Probabitistic Analysis to obtain CDF's for t
Alternatives === New Tech
|

Obtain New CDFs

Geargis Institute of Technology
Atlanta GA 30332-0150
www. agdl gatech edu
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Feasible Space Examination-

Technology Infusion

FEsRRna ey
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Examine Feasible Constraint S NEW Constraint
Space Cumutative Distribution 4 Cumulative Distribution
i P Functions (CDFs) g Functions (CDFs)
- P h— P
- S e -
X b=
- FPI(AMV) o ¢ | B <
] or )
L% @ Monte Carlo °
o p * | E
—=g / £
3 14
: [
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Technology Substitution

Natural Limit

Technology B

Technology B

Natural Limit

Technology A

Performance

Technological Parameter

Technology A

>

|

tlransition

Reference: Twiss, 1992
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Technology Identification Evaluation Selection (TIES)
P B aaa s s R N P S R e 1 T ORI GO NN P PR S R R R N i
OFD Pugh Evaluation Matrix  tecn anernative
HOWs alt. concepts < Identification _
[ T
= Tombome
2 joerry
B At
Weights © i
- l Morphological Matrix
Technology Combinatorials MADM | o
CDE, through Genetic Algerithms
for each gﬂterion —t
or objective, | wagly. | Feasible Solutions JPDM
CDE,
for each
e constraint - y
Cpnfidense | <fmum| T[T
: stimates ~
Monte Carlo s SR S Pl
* objectives % — }
* metrics ) . ot ot e e
« constraints j—=a Response Surfaces TIF Environment
1. Dimiitri Mavris an Delavrentis i i i R=1(k1,k2, ... S
iy ooty Modeling & Simulation K.k ) A50L 58
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How the Seven Management and Planning Tools Relate to

N Quality Function Deployment

2)
INTERRELATIONSHIPS INTERRELATIONSHIPS
) DIAGRAM
AFFINITY CHARACTERISTICS| E
DIAGRAM (HOW) <
‘ PRODUCT CHARACTERS &%
REQUIREMENTS g
3 < ()
wm
TREE (VHAT) |2 ®) g PDPC
DIAGRAM —p o E < MATRIX E (UNKNOWN)
REQUIREMENTS g = |E DIAGRAM )
FLOW £ £ |Z| RELATIONSHIPS s
5 5 | o
v ¥ LV ]
‘ Y
ACTIVITY
A" nowwmuck NETWORK
4) DIAGRAM
PRIORITIZATION IMPORTANCE (KNOWN)\
MATRICES TARGET VALUES QFD
DEPLOYMENT
MATRICES
IMPORTANCE RATING
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. Morpholog
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lternative
Characteristics 1 2 3 4
, . e Wing. Tail & I3
’ Vehicle] @ & T& Wing & Canard Canard Wing
%‘ Fuselage] Cylindrical < Area Ruled Oval
. . s v : Conventional &
O Pilot Visibility @enw Conventional |~y 0"
g Range (nmi)k__ 5000 6000 6500
2 Passengers 250 < 300 320
b Mach Number| 2 2.2 K 24 2.7
] Y . Mid Tandem
gr Type @FTF/ Turbine Bypass Fan Flade
5 Fan None 1 Stage k= 7 Stage 3 Stage
5‘ Combustor] Conventional RQL K__LPP__
A Nozzle] Conventional (/?\onvethollj.al &1 Mixed Ejector (Mixer E:‘eaf"%
: TR
onventional nv al
2 Low Speed) Flaps Flaps & Slots CC C__
High Speed Conventional LFC NLFC S HLFC
é’ Materialsf ~ Aluminum Titanium Glrgllngnfﬁ\
vy Chordwise Spanwise C .
Process Stiffened Stiffened Monocoque Hyan

Atlania. GA 303320150
www_asdl .gatech.edu

1999 ONR Grant Review- Aerospace Systems Design Llaboratory (ASDL)
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BSTOEROY A A T R B A R R e R N G AR

QU al |tatlve [Exam p | e Alternative Concept
Ii Evaluation Criteria 12334 gn
$/RPM +)-1-1+
Airline Acquisition Price +] -] +18s .
Economics Engine Price i
.DOC/trip SE+ |+ - L]
Manufacturer Sunk Cost +]-1-15s -
Economics Break Even Unit +1-F-1+ °
EPNLdB SL, + 1+ -] - o
Environmental EPNLdB TO, -1+
EPNLdB FO, | + | + e
Reliabili MIBE Gl L S
eliability -
Maintainability MTTR <l - st
MMH/FH S{Ss|+}S -
Risk + 1S «
I+ 9 l6}f3] 4 ‘a
z- 2 5 9 6
zs 2 2 1 3t
D D Mowts D1 Dap DeLureni AS0L_EK
Atlanta GA 30332-0150 =

www.asdl gatech edu 1999 ONR Gron! Review- Aerospace Systems Design Laboratory (ASDL)

Mapping Responses to Discipline Metrics
ia Physics:Based M&S

PSSER SR VA S i SR

Purpose: To Open Feasible Space
+ Formulation in terms of elementary variables does not lend itself
to disciplinary or multidisciplinary technology assessment

_—’ .
.3l Conventional .
» 3! Aero. Analysis E> LD
. e P Conventional
models break down

7 ? %A L/D

]

New Tech.
'\ Aero. Anal_ysis_) L

+ The assessment of new technologies must be addressed through
the disciplinary metrics (or technology “k” factors) since a
mathematical formulation is not yet available
constraints/objectives = flk_L/IDg,, k_L/D, k_ Cypao k_T1,k_SFC,, ...)
Do e a0l

ant 30332-015
A e wau 1999 ONR Gran! Review- Aerospace Systems Deslgn Laboratory (ASDL)
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Technology Impact on Metrics

+ New technology opens the range of the affected metric through a k-factor:

L/D

new

 The technology is applied to a fixed baseline configuration
o Create a DoE to establish .... for each new technology considered

=Ky pL/Dq; where k.5, =09 ... 1.2 is based on Question 10.
¢ Select ranges for all metrics affected by new technologies

kL/Dsub kL/Dsup kSFC kn $/RPM TOGW Vapp Rn
9 1.05 0.95 0.125 809,781 119
9 1.05 0.85 0.129 8254321 121
9 0.85 0.95 0.137 755,593 117
.95 0.85 0.85 0.133 791,024 1 122

« Create RSE based on uncorrelated metrics, since configuration is fixed and
metric improvements (k,,’s) are selected independently

Dr Dimitp Mavris D Dan Delavrentis

Georgia Institute of Technology

Atanta. GA 30332-0150
www . asdl.gatech edu

1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL)

~ Technology Estimates

Addressing Technology Benefits,

Penalties and Confidence

1. Create functional
relationships between
Objectives/Constraints
and technology metrics

2. Model technology
benefits and penalties

3. Assign probability
distributions to the
technology metrics t0
develop confidence
estimates and CDFs

through metric “k-factors”

(Variability) /\ /\

(Step Change

Objective = f(L/D piser
Constraint = f(L/D

in Mean)

Dr Dimitri Mavris / Dr. Dan DeLaurentis

Geargia Institute of Technology

TR

+10%

L/DTO‘ CLmax'
L/DTO’ CLmax’

+5%

+7%

J\

SRR

Wwing ’
W

wing?

V

-3%

SFC,
SFC,

Y

+5%

AN

MMH/FH, ...) |
MMH/FH, ..)

v

-5%

Atlanta GA 303320150
wwwi.asdl.gatech. edu

1999 ONR Gron! Review- Aerospace Systems Design Laboratory (ASDL)
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Technology Identification Evaluation Selection (TIES)

TR

[Pugh Evaluation Matn‘& Tech. Alternative

QFD, ona
f
HOWs alt. concepts < e L
B e TP Wl Tden | Terhm Bypaet }
«© = oo oo o
= Tonrun Tomvenbomal. ®QL TF
g L= oo ol | Wact tpcn
Weights © e | | oo wcma
- SN Morphological Matrix
CDF. Technology Combinatorials MADM
through Genetic Algorithms
for each criterion
or objective,
CDF,
: for each
o constraint o y
<mm | Confidense | <fumm| |77

* objectives
* metrics
e constraints

Dr. Dimitri Mavris / Dr. Dan DeLaurentis Modeling & Simulation

Geargia Institute of Technology

stimates’

1]

. Response Surfaces

TIF Environment
R =f(k1, k2, ...) n

ASBL_

)

Atlanta. GA 30332-0150
www.asdl gatech edu

1999 ONR Grant Review- Aerospace Systerns Design Laboratory (ASDL)

The MADM Techniques

ype of Information from the Decision Maker
i R
l No Information : Maximin

Multiple
Attribute
Decision
Making

Dr. Dimitri Mavris / Dr. Dan DeLaurentis

Georgia Institute of Technology

SN AN

eswaf Melhc;d;

P

Salient Feature Major Class,

Maximax

Conjunctive Method

Standard Level

Disjunctive Method
A e —

Lexicographic Method

Ordinal .- Efimination by Aspect

Permutation Method '
Information -
on Aribute " Linear Assignment Method i

Simple Additive Weighting Metbod (SAW)

Cardinl Hicéarchical Additive Weighting Method |
ELECTRE
"TOPSIS

| Marginal Rate of Substittiti =_Hi ¢ degoﬂs'

LINMAP
Onder of Pairwise Proximity

Inforration
on Alternative

Interactive SAW Method

MDS with 1deal Point

oL L

Atlanta. GA 30332-0150
www asd).gatech edu

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)
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...AMADM Choice: TOPSIS |

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)
— compensatory and compromising method utilizing preference in the form of

weights w; for each criterion
_  best alternative has shortest distance to ideal solution and farthest away from

negative-ideal solution

Advantages:

- simplicity

- indisputable ranking obtained
Disadvantages:

~ dependent on cardinal information, such as weights

— solution highly dependent on values
criteria have to have a monotonically increasing or decreasing utility to the
decision-maker

Dr Dimitri Mavns / Dr. Dun Delaurentis

Georgia Institute of Technology
Allunta GA 303320150
tnta 2 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

www asdl gatech edu

ORI AT PR

Multi-Attribute Decision Making (MADM)

Pugh Matrix Ranked

Alternatives Alternatives

Evaluation
Criteria

Euclidean
Differences
@

+/- Ideal
Solution

Based on best
‘criteria values

Dr Dimitsi Mavns / Dr. Dan DeLaurentis S
Geongis Insiwte of Techmology Sl 3\'5

4 10332-01 50 —— ;&,
Cﬂ:" ‘:sf,f :,[chh, .edu 1999 ONR Gran! Review- Aerospace Systems Design Labotatory (ASDL)




e

Joint Probability Density Function - 2D_

T T T T

175+ g
: Contours of
Constant Probability

170+

151 Area of Highest Probability
in Criteria Space

L

. L
7000 8000 8000 10000 11000 12000
TOFL
Dr. Dimitri Mavris / Di. wen veiaurenas PO~
Georgis Instite of Technology ' ASDL r’»ﬁ
anta. GA 30332-01 5 — il
;‘;’:,’f’:sﬂ?, g‘:‘jﬁ,‘ fdu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) €

Section 3,

1. Introduction and Research Setting/Summary
2. Overall Technical Approach for Affordable Systems Design

3. Methods Implementation and Testbed Applications

- Design Space Exploration (Feasibility Determination for a High Speed Civil Transport)
- TIES Implementation (Technology Selection for an Advanced 150pax Transport)

- Joint Probabilistic Decision Making (JPDM)

- Simultaneous Examination of Requirements and Technologies (F/A-18C Testbed)

4. Key Advancements in Method Components
5. Conclusions/Summary

Dr Dimitri Mavris / Dr_Dan DeLaurentis S
Georgia Institute of Technology ASDl % \’.5
s 30332.00 § — %

ng‘:'sg?. g‘:! 3:2:. 3 du 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)
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i,

* Cruise Mach Number of 2.4
* Range of 5000 nm.
e Carry 300 passengers

» Powered by four engines capable of cruising
supersonically without afterburner

o Able to make two round trips to Europe or Pacific Rim in
the same amount of time as one trip for a subsonic

transport
Dr. Dimitri Mavris / Dr. Disn DeLaurentis .
Georgia Institute of ‘Technology ! ASDL "5
y Al el
Atlanta GA 302320150 1999 ONR Grant Review- Aerospace Systems Design L Y (ASDL) &

wiw.asdl.gatech. edu

_HSCT Challenges

« Environmental Constraints
— Engine that is sized to cruise violates FAA noise regulations
- Nitrogen Oxide emissions harm the ozone layer
¢ Performance Constraints
— Poor takeoff and landing characteristics
— High Mach numbers require special heat-resistant materials
» Economic Constraints
— Will require a fare premium ’
— Will have a high acquisition cost
— Will require a large initial investment

Ds. Dimitsi Mavris / Dr. Dan Delaurentis &
Georgia Institute of Technology sSol 5\';6

303320 — &
Adania. GA 303320150 1999 ONR Gran! Review- Aerospace Systems Design Laboiatory (ASDL)

www.asdl.gatech.edu
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High Speed Civil Transport (HSCT)
. \ : ) . XHT1 |
XHT3
- —
Deeahmitt T O3YSTEMES Mid-
Variable Minimum _ Point __ Maximum Remarks
X1 1.54 1.615 1.69 Kink LE x-location, normalized by wing semi-spar
Y1 0.44 0.51 0.58 Kink LE y-location, normalized by wing semi-spar
X2 210 2.23 2.36 Tip LE x-location, normalized by wing semi-span
X3 2.40 2.49 2.58 Tip TE x-location, ized by wing ¥-Sp
X4 2.19 2.275 2.36 Kink TE x-location, normalized by wing semi-spar
X5 2.19 2.345 2.50 Root Chord, normalized by wing semi-span
XWING 26% 28% % wing position, % fuselage length
swW 8500 9000 9500 X wing ref. area, square feet
XTAIL 82% 84.7% 87.4% horizontal tail position, % fuselage length
ST 875 922.5 970 horizontal tail ref. area, square feet
XHT1 0.95 1.18 1.20 normalized by HT semi-span
XHT3 1.80 2.00 2.10 normalized by HT semi-span
CcG 56% 57.5% 59% CG, %tuselage
Dr. Dimuri Mavris / Dr. Dun Del. tis ! ¢ r e
Georgia Insitoe of Technotogy - ASDI *»15
anta, GA 30332015 m_ﬁﬂ
A retah oy 1999 ONR Grant Reviow- Aerospace Systems Design Laboratory (ASDL) G

1126671~ ‘
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12
z 18007 :
3 1
g S L L ——— _/ - :
< assse o H i
143627 ‘ i
. ) :
] 1 \-_‘ e | e | e ] e
RTINS
1mi -
3 1 S — | — _ -
e
12535
3 ) d— A — —
e o
149
a2 4
< (U R N SR I R I S R :
1500 ]
- ™7 L T T T T T T T T 7
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Dr. Dimitn Mavris / Dr. Dan Del aurentis
Georgia Institute of Technology
Atunta. GA 30332-0150
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No Feasible Design Space Due to TOFL, VAPP, FON, and SLN

BRI

Horiz Vert  Fuctor Current X

0

X1 0 .

": — .

o ; « The slide bars can be used to
0
o

. ® 5 e adjust the design variable
ey B o settings, and the design plot is

updated in real time.

\,.,M\\\
.
TWR \'\ .
* The design space plot shows no
feasible space.
0.28 ‘
8500 9500
Dr. Dimitsi Mavis / DrDan DeLuureniis sw ¢
Georgia Institore of Technology ASDL
C‘:L:n;l.‘s(é? ';‘:?3;‘;]_53“ ? 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) ":ﬂ
CDFs for the Four Constraints,
— from Monte Carlo Simulation (5,000 samples)

Probability
Probability

1196 1208 1219

11.500 12,88 12878 13.562 14250
Flyover Noise (FON), EPNLdb

Takeoft Field Length (TOFL), f1.

1,000
150
£
-]
g h
a
250
00 =y
152 157 161 166

1238 1240 1245 1280
Sideline Noise (SLN), EPNLdb

Dr. Dimitri Mavris / Dr. Dan DeLaurentis AsSDpl !\\‘46—

Approach Speed (VAPP), kis.

Georgia |nstiwte of Technology
30332.0150
A O oy 1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL)




Pareto Charts:

Mission Require

ment§ SensitiviAties

$/RPM

Average Required Yield per Revenue Passenger Mile

$-Acquisition Price

! Tam Orthog Estimats Term Orthog Estimate K]
i pax 00048358 Des-Rangs 35722524 ~ N
{ WSubshiss 000348035 PAX 1.8383051
g Des-Range 0.00151828 i %SubsMiss. 1.5712822
| SWing 000032233 TAV-Ratio 14831703
| TA-Ratio 000024368 : SWing 10737844
Gross Weight Direct Operating Costs
Torm Orthog Estimate 3 g 3 3 Term Orthog Estimate
; Des-Range 2175303 | N - PAX +0.0025538
* %SubsMiss 10861.366 ! %SubsMiss 000177578
. PAX 9171228 ! Des-Range 000075366
| §:Wing 2168 852 i : $-Wing 000017851
1176 909 4 TW-Ratio 000014310

Dr Dimitri Mavris / Dr. Dan Delaurenas
Georgia Institute of Technology

Adana GA 30332.0150
wwa.asgdl.gatech. edu

1999 ONR Grant Review- Aetospace Systems Design Laboratory (ASDL)

0213 !
i
2 1 : / \
01614
413
5 1 L | / - _—
3 ] " P / /
376+
1090000 /
855000
009574 \
00668 -
— L i — e el — r
2 1 ~ o = = o z v - =
e 2 8 wm B OB s § § ome E § m 8
TAW-Ratio S-Wing Des-Range T &SuhsMiss PAX

Dr. Dimitri Mavris / Dr. Dan Delaurentis
Georgia Institute of Technolugy®

Atlanta. GA 303320150
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Feasibility and Viability Assessment__

BRI

« If design space is not technically feasible or
economically viable, the decision maker has 3
options:

1) Open design variable ranges further
- Design Space Exploration yielded no improvement

2) Relax constraints

- Non-negotiable in this case

3) Infuse new technologies !!!

Dr. Dimitri Mavris / Dr_ Dan DeLaurentis P
Geargia Institute of Technology ASDI ,’ﬁ
Alonia. GA 303320150 e s

www asdl. pgatech edu 1999 ONR Grant Review- Aerospace Systems Deslgn Laboratory (ASDL)

Technology Identification Evaluation Selection (TIES)

Pugh Evaluation MatriX  tocn Atemative

QFD, e
HOWSs alt. concepts < Identification -
=
& =
5 AR T 7
Weights o © L. A e
- Morphological Matrix
CDF Technology Combinatorials MADM
through Genetic Algorithms
for each criterion
or objectve, | uuly. | Feasible Solutions JPDM
CDE~" -
for each V
constraint _ - -
: ) Confidenke | <fuum| _|™< S
stimates - »
i) A
* objectives —
* metrics . p Surtaces -‘;;F }:_..:.’_“...;.‘ fa
R SpON: Cl
e constraints esponse Surfa nvironment
Dr Damitri Mavis / Dr. Dan DeLaurentis Modeling & Simulation R=1(k1, k2, ...}

Georgia Institute of Technalogy
Atanta, GA 30332-0150
www.asdl .gatech adu

_ASDL_E5&

1999 ONR Grant Review- Aerospace Systems Design Laboralory (ASDL)




Example Problem

 The implementation of the feasibility aspect of TIES has
been performed on various vehicles

» The down-select of the specific technologies is the new
dimension of the TIES method and will be applied for the
example problem

s The proof of concept is performed on a 150 passenger,
medium-range, intra-continental commercial transport and
the technologies are evaluated deterministically

» See SAE Paper 98-5547 for the feasibility assessment,
SAE Paper 98-5576 for the TIF, and AIAA 99-0183 for the
joint probability decision making

ASOL 3%

1999 ONR Granf Roview- Aerospace Systems Design Laboratory (ASDL)

__Problem Definition: 150 passenger concept

Medium Range, Intra-continental Commercial Vehicle

3. Cruise

4. Descent

6. Reserve
14% res. fuel

2. Climb

1. Taxi & T.O. 5. Landing

7000 . max. FL

Dr. Dimitri Muvris / Dr. Dan Del.surentis

Geurgia Insutute of Technology ASDl \Cq)-
Alunia, GA 30332.0150 L _&)

ww asdl gatech edu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)
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Problem Definition: Quantitative System Level Metrics

]
Parameter Baseline Valud  Target [Target Value| Units
Weights and Performance
Vap 115.7 minimize ~ kts
Fuel Burn 44267 -48% 23019 Ibs
Landing FL 4944 -21% 3906 ft
OEW 73850 -40% 44310 Ibs
TOFL 5970 -21% 4706 ft
TOGW 149618 -31% 103236 Ibs
Economics
DOC+1 5.22 -42% 3.03 ¢/ASM
TAROC 6.03 -37% 3.80 ¢/ASM
Dr Damitn Mavris 7 De Dan Delaurentis R
eorgia Institute of Technulogy . ASDI  ow
g:]:"gl: :g,l\ . :’(:?5:-(2] 52)5;[ 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) "ﬂ‘-’j
Viability Assessment: TAROC
it i e SR PR R R s SRR LR s O AR AL R S S e IR S S R i &
1000
0901 Design
0.0 4 Method:
Design
70.0 4 Variable
E
g 00 < Uniform
z 3
Z 00 < Noise
E ) Variable
40.0 O
30.0 F Normal
200 4 Technology
Level
100 4
Baseline
00 r v . " x . . r Y
3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50

TAROC (¢/ASM FY97)

Dr. Dimitri Mavris 7 Dr Dan Delaurents

D gt
Georgia Institute of Technology ASD1 (6
Atlanta. GA 30332-0150 - .

www asdl gatech edu 1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL)
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Compatibility Matrix

Compatibility Matrix
(1: compatible, 0: Incompatible)

AST Enginc Concept

Composite Fusetage
Natural Laminar Flow Controb

Composite Fuselage

Natural Laminar Flow Control

1999 ONR Grant Review- Aerospoce Systems Design Laboratory (ASDL)

Technology Identification

TIM: Technology Impact
Matrix

Compuosite Fusclage
AST Engine Concept

Natural Laminar Flow Control

[ Technical K_Factor Vector ]
'Wing arca
Vertical tail area
Horizontal tail area
Drag

ic fuel flow

'Wing weight
Fuselage weight
Electrical weight
Enginc weight
Hydraulics weight _F
AL wing structure manufacturing costs
0&S
RDT&E
Production costs F.
Utilization 2%

Technical K_Factor Elements

Dt Dimitri Mavris / Di. Dan Del aurentis
Georgia Instinte of Technalogy
Atlants. GA 30332-0150

www . asdl gatech.edu

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)




Technology Impact Matrix

+ Potential system and subsystem level benefits and penalties associated
with the technologies identified in the Morphological and
Compatibility Matrices are established via expert questionnaires,
physics-based modeling, or literature reviews

» In general, benefits and penalties are probabilistic (possibly stochastic)
in nature

« Technology impact can be simulated in the TIF environment through
technology “k_factor” vectors and summarized in a TIM

where a technology can be represented as:

T Hi1: 04,y where:
Technical 'K Ti T2 T3 ' ' i : specific technology
Factor Vector : ' - Hi1:0ia *n": number of k_factors
- k factor 1 +4% ~ -10% 7: = k, = ,TRL' “u”: mean of the k_factor
ERs k factor2 - 3% - g variance of the
falll k_factor
] k factor 3 - - 2% N ox -
X 2 1% 2% HinrCin “TRL": technology
k_factord 2% 2% +3% readiness level
I Dumitsi Mavris 7 Dr. Dan Delsvrentis [ ne]
o o Soanorg ‘sg’-’=‘1 ffg)

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

wwa ardl patech edu

Technology Impact Forecasting

Technical Metric "K" Factor Elements Nop-dumcnsmnul impact
Min (%) Max (%)
Wing area 0 18
“k” Factor RSE Ventical tail arca -40 0
Generation Horizontal tail area -36 0
Drag -25 0
Subsonic fuel flow -17 1
Wing weight -33 4
Fusclage weight -27 0
Electrical weight 0 10
Engine weight -50 05
Hydraulics weight -10 0
AL wing structure manufacturing costs 225 [
0&S -8
RDT&E -4 18
Production costs -6 22
Utilization -6 7

Constraint/Objective = f (k;, Ky,...., k;) as obtained from a Design of Experiments to obtain a
second order equation of the form: . . ok
2
R=b,+Y bk + Y bk’ +> > bkk,
i=t i=1 i=1 j=i+l
Dr. Dimitri Mavris / Dr Dan Delsurentis

Georgia Institute of Technology

332
A 1999 ONR Grant Reviow- Aerospace Syslems Design Laboratory (ASDL)
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TIF Environment (1)

SRR

R

Takeoff G 1566729 |
akeoff Gross . — L L — -
Weight o .
114010
Takeoff Field et | 4| ——
Length
Landing Field et | e | e | et
Length oo
1145 ]
Approach 037023 | T e | e | | — | ———
Speed o0
4m2217 ]
Fuel Weight 306 50 | ~—1— P gl ™
24993.2 ¢
' 79945 ]
Opcra(mig EMpty (ooocsp | ——t— —t | e | | e | —
Weight So191 ]
TAROC e | —— | —— | —— | ——
4412 o
5407 [
DOC+1 son195 —t— | —t— | —t— | —— | ——
2776 [
g es §§'3°‘* gl g g[Earss _.‘f_ A ¥ 546--""‘5 E:u.s'-g g sa B
Wing Area | VT area HT arca Drag Fuel Flow 1 Wing wt | Fusclage wit| Electrical wt
Dr. Dimitri Mavris / Dr. Dan DeLavrentis
Georgia Instiwte of Technolopy l.f
Attanta. GA 303320150 el
‘,“,:.rfl‘:s 41.gatech.edu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

JIF Environment (2

R

Takeoff Gross 7% 7 .
Weight 892 |7
140107
Takeoff Field e | —f—
Length R
901
4579 |
Landing Ficld 37049
Length ot
148 |
Approach e =T
Speed o
412277 |
Fuel Weight  aap 6
249932
77945 |
Operalin; EmptY 00ms o =g
Weight o141 1
7338 ]
TAROC siosa1 ] | —t— | -t | 1
4412 |
6407 |
DOC+1 4998 ] e | —— | | ~1—
377 ]
'§.z.«.wx§ [ 4 E azsag |4 ose #1E 22 £ e &Y oss ¥
Engine wi Hydravlic | Wing cost 0&S RDTE Production| Whilization
w
Dr. Dimitri Mavris / Dr. Dan DeLaurentis
Georgia Institute of Technology J

Allapta. GA 303320150
www.asdl.gatech.edu
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Technology Mapping

Desired Levet
Inf Hy,, 0, discinli Performance,
i isciplinary -
v f)-uno, L3 e )5 o
Prescnt leve! rics .
”l.. ’ al.n lechnology Economic,
3

- D .

: ; Hoi 12 C ot M" f‘ﬁ’ discipli Performance

: - H. ; : isciplinary \ e = .
SV SR i ey sl e SRR L

. con comv, Y .
: Present level Economic
H /'lmnr,n ’ a:.mx‘ n technology
o |
P .
£ | Desired Lavet
M,,,0, BRI | { 5’? K| o Performunce,
Infuse 2T F + b disciplinary - :
I - £ ; - A, ={ Geometry
Tech #2 f (kz)= H,;.0,,,TRL=6 metrics 2 "
g Economic,
U,.,0 Present leve! :
2nt 2 technology
s
z
£
TOGW Target
Dr. Dimitri Musris / Dr. Dan DelLaurentis o
Georgia Institute of Technology ASDl /Vﬁ
Atlants. GA 30332.0150 == ummid.
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Technology Evaluation

NG

B RS

« The identification of the proper mix of technologies for a
given system is dominated by the curse of dimensionality

e Curse of Dimensionality: the search for the proper mix of
technologies which will “best” satisfy the system level
metrics or attributes can be enormous

— 2ncombinations, where “n” is the number of technologies
* 9 technologies implies 512 combinations
o 20 technologies implies 1,048,576 combinations

— Computational expense of the analysis is the primary driver
 manageable: full factorial investigation

e unmanageable: genetic algorithm investigation

Dr. Dimitri Mavris / Dr. Dan DeLaurentis S
Georgia Institute of Technalogy £ 174 5\1‘6
danta. GA 30332-0150 — _‘&
cw:'?l:,d?‘ q,t,zch . edu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)
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Technology Evaluation:

Full Factorial lnvestigation

Tl T2 T3 T9  Metric ; Metric ,

Metric ,

N

|
i
r’@"

evaluations of Metric RSEs
technologies are compatible

1 o] a1 ] #
- 1 1 #
- -1 1 # #
l | | |

1 # #

ifall “1" implies technology applied
*-1" implies no technology

4

#

#
C"D‘]

Metric value is determined from the RSEs

Consider an alternative Alternative with: Alternative with: Alternative with:
with aircraft morphing (T3) LE L . T4T9
and IHPTET engines (T9) - d ~
X1 K - -
k2 - - 4y
k3 -3% - -3%
k4 -1.5% 5% 6.5%
Recall: :—Z 3% - 3%
- . - 2% - - = 2%
- k7 - = =
ki—‘k_s 3= -} 9= 4 -t k=14
%9 ~ -20% ~20%
k_10] - - -
k.11 . - -
< :
k14 +2% +3% +5%
k_l.‘)J 3% ~ 3%
~ +2% +2%

Metric RSE =

Flks )

Dr. Dimitd Mavris / Dr. Dan Delaurentis
Georgia Institute of Technolagy

Attanta. GA 203320150
www.asdl.gatech edu
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| Full Factorial Technology Evaluation

S 9
149618,
Takeoff Gross 1apeis
Weight 11548654
$056.84
Takeoff Ficld  sose 542
Length 4037.676]
4542553
Landing Field gss353
Length 3933.94
187
Approach 1573
Speed 91.615384
442672
Fuel Weight 467
26415864
24786.4%
Technologies: OEW
T1: Compositc Wing 1504
T2: Composite Fuselage $6979.194
T3: Aircraft Morphing 672114
T4: NLFC TAROC som17
TS5: Maneuver Load as21159]
;6: fAST Concept PRTe
ngines SR
T7: 1SSA Structures POCH e
TS8: HLFC 4.142567-
T9: IHPTET Engines 4 g|& S HE HE HE HE %
T1 T2 T3 T7
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_Technology Resource Allocation

« Based on the TIES method results, the most
influential individual technologies can be
compared to the baseline metrics in an efficient
and rapid manner

e The most influential technologies can be identified
so as to optimize program resource allocation for
technology research and development to overcome
constraints or meet objectives

Dr. Dmutri Mavris 7 Dr. Don DeLaurentis IS
Geargia Institute of Technology ASOl ,«‘5
wpmhad

anta 30332015
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__Technology Resource Allocation

Technologies:
T1: Composite Wing
T2: Composite Fusclage

T3: Aircrafi Morphing
T4: NLFC

T5: Mancuver Load
T6: AST Concept
Engines

T7: ISSA Structures
T8: HLFC

T9: IHPTET Engines

% Reduction in Takeoff Gross Weight from Baseline

Dr. Dimitri Mavris / Dr. Dan Delaurentis &

Georgia Institute of Technology SOl ‘\’5
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Technology Resource Allocation

Technologies:
T1: Composite Wing

T2: Composite Fuselage : L , : ! |
T3: Aircrafi Morphing i !
T4: NLFC

T5: Maneuver Load

T6: AST Concept
Engines

T7: ISSA Structures
T8: HLFC
T9: IHPTET Engines

|
t
{

-10 -8 -6 -4 -2 0 2 4
% Reduction in Total Airplane Related Operating Costs from Baseline

Dr. Dimitri Mavris / Dr. Dun Delavrentis
Georgia Institute of Technology
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Top Alternatives

ARG

T2+T3+T6+T?

T1+T2+T4T5-T6

T1+T2+T3+T4+T5TY

Technologies:
T1: Composite Wing
T2: Composite Fuselage
T3: Aircraft Morphing
T4: NLFC

TS: Maneuver Load
T6: AST Concept
Engines

T7: 1SSA Structures
T8: HLFC

T9: IHPTET Engines

T2+T3+TS+T6+T7

T1+T2+T+TH

TisTU T3+ TST6

T2+T3+T4+T6+T?

T2+ T3+ T4+T5+To+T7

TI+T2+T3+Ta+T6

v - =
T T T T T T o
-17.00 -16.00 -15.00 -14.00 -13.00 -12.00 -11.00 -10.00
“Best” Alternative % Reduction in Takeoff Gross Weight from Baseline

for Minimum TOGW
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Top Alternatives

Evaluation Based on Minimum TAROC

T2+T3+T6+TT

T5+T6+T7
Technologies: e .
T1: Composite Wing
T2: Composite Fusclage T2 T3 T4 T64T7
T3: Aircraft Morphing
T4: NLFC T4+TS+T6+T7
T5: Mancuver Load
Te: 'AST Concept TaeT6r T
Engines
T7: 1SSA Structures
T8: HLFC T3-T5-To+T7

T9: IHPTET Engincs
T3+T6+T7

T3+T4+TS+To+T7

T1+T4+T6+T7

-17 -16 -15 -14 -13 -12 -11

“Best” Altemative % Reduction in Total Airplane Related Operating Costs from Baseline

Alanta GA 30332-0150

www.asdl.gatech edu 1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL)

for Minimum TAROC
Dr. Dimitri Mavris / Dr. Dan Delaurentis
Georgia Instinte of Technology ‘Sﬂl

_-Best’ Alternative

.
Takeolt Gross  jzsessa

Evaluation Weight Hsarss 4
$086 342 of

Basedon  rycoFicy e
Minimum Length om0
TAROC and Land B
anding Ficld ~ weax»

roGw Length 3994 4
118.7356 o

Approach 106 1666
Speed a161519

T9: IHPTET Engines

4426727 o

Fucl Weighy 2

26415 %6

Ta7%6 43 o

Operating Empty 4

Technologies: Weight  smid

T1: Composite Wing 6721147

T2: Composite Fusclage R TAROC s

T3: Aircraft Morphing ax21150]

T4: NLFC 5851539

T5: Mancuver Load DOC+] s

T6: AST Concept ﬁ‘:‘i;
Engines - - - Ll S
T7: ISSA Structures 4 z|% Z|E z|& HE 3 HB Zlg z %

T8: HLFC Pl s Te |17 18| T

Dr. Dimitri Mavris / D1, Dun Delaurenus
Georgia Institute of Technology
Atlanls, GA 30332-0150
www.asdl.gatech edu

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)




Genetic Algorithm Investigation

A simple deterministic proof of concept was
performed with a genetic algorithm (GA) for the
equal weighting OEC

» The identical mix of technologies from the
TOPSIS technique was obtained

 Future work will focus on application of the GA
method with probabilistic k_factor vectors and
multi-attribute and conflicting objectives

Dr Dimitri Mavns 7 Dr. Dan Deliwrentis
Georgia Institute of Technnlogy
Atlanta. GA 30332-0150

www asdl.gazech.edu
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I~
e
S
Py
“‘ .
08,

Sy

« Identify:
— Number of Technologies
— Number of Subsystems
— Number of Metric Responses

» Specify/Provide:
— Technology Impact Matrix (TIM)

BRI G

—PI Function Calls

— Compatibility Matrix
- Computation Metamodels for Metric
Response
—~ Multi-Attribute Decision Making
Strategy
* GAyields:
- best combination of technologies

based on identified measures and
provided information

Dr. Dimitri Mavris / Dr. Dan Debaurentis
Georgia Institute of Technology S0l
Atlanta. GA 30332-0150
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Genetic Algorithm Function Calls

BN

Main Function }

Compatibility
Matrix

Check
Technology
Compatibility

‘Technology
Impact Matrix
(TIM)

Find corresponding
K-vector

Non-Compatible

K-vector
dimensional

Parameler
Ranges

Dimensional to

Yy Non-dimensional
Assign vector
most undesirahle imensional
OEC vatue
Response Surface
: Equations

Compute Metrics or otber Metamodels

> E—
A
Output: OEC Function
Calculate or other multiple atibute

Fitness Vatue

as OEC decision making strategy

Overall Evaluation Crilerion

Dr. Dimitri Mavns # D1 Dun Delaurentis
Georgia Institute of Technelogy

Atlanta. GA 30322-0150
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Specification of GA parameters

5

%?ﬁa{r{?ﬁﬁém' = [ () W Frobof Xover 077
|

g
B4

3
Prob of Mutation )

B
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Co‘nclu\sions’

A methodology for the systematic down-select of
the proper mix of technologies which satisfies the
imposed system level metrics was established

» Method could be interpreted for resource
allocation of various technologies

 Future work will focus on:
— probabilistic and stochastic evaluation

— multi-attribute decision making with conflicting
objectives '

— more technology combinations for GA implementation
— other vehicle concepts

Dr. Dimitri Mavris / Dr. Dan Delaurentis NS
Georgia Institute of Techrology ASDL /’5
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Multi Criteria Decision Making
Technique for Systems Design:
Joint Probabilistic Decision Making
(JPDM)

Dr Dimuri Mavsis / Dr. Dan DeLaurentis o
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___Hypothesis: Multi Criteria Moti

»  Customer needs translate to system characteristics
called attributes or constraints which become
decision criteria for product selection.

« Complex systems have a multitude of attributes,
such as life cycle cost, gross weight, excess power,
safety, dependability, etc. ‘

» Decisions based on one criterion/attribute may
yield products with poor performance in other
attributes.

A design method is needed that accounts for all
criteria concurrently.

Dr. Dimutn Muvns / Dr. Dan DeLaurentis

Georgia Institute of Technology . ‘_5 M )
>

Janta 30332-0150
A““.""'“ Ga 30 15 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

wew asdl.gatech edu

» Most assumptions made about the operational

environment of the system are uncertain.

Deterministic assumptions misrepresent the actual
behavior/knowledge.

» Computer model fidelity introduces uncertainty in the
output prediction.

o Use of new technologies adds uncertainty due to
readiness/availability.

A probabilistic formulation of the design process is
needed to capture and analyze uncertainties.

Dr. Dimitni Mavns / Dr. Dun DeLaurentis

Georgia Institute of Technolagy ‘s”l L{ﬁ_
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o

Typical Design Questions

» How to compare different design solutions
with multiple objectives on an equal basis.

» How to compare different design solutions
despite uncertainty about relevance and
accuracy of design assumptions.

» How to trade one requirement for another.

* How to determine optimal solutions based on
multiple objectives.

Dr. Dimitrs Mavris / Dr. Dan DeLaurentis N
Georgia Institute of Technology ASDl ,g) X
lants. GA 30332-0150 CLl gt
313"';‘54; gatech.edu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) .

‘Shortcomings of Existing Decision Aids

Current multi criteria approaches determine either just the best
solution of a small finite set based on many criteria, called
Multi Attribute Decision Making (MADM), or the best solution
of an infinite set based on just a few criteria, called Multi
Objective Decision Making (MODM).

Alternatives -

I Alt3 [ Alt4 | Alt5

it TTRERETES = TR = SR VIR

Crit 2
Crit3
Crit4 [t Value Va
Crit5 .

Criteri

CritM

Dr. Dimitri Mavris / Dr. Dan DeLsurentis
Georgia Institute of Technology
Atlanta, GA 30332-0150
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Pvrngsed Method

Joint Probabilistic Decision Making (JPDM)

« Combines advantages of probabilistic treatment of
uncertain information with multi criteria decision
making.

+ Determines the probability of satisfying all
(specified) customer needs/criteria values as an
objective function within TIES.

o Facilitates visual trade-offs for two requirements at
a time.

Dr. Dumitri Mavris 7 Dr Dan Del.aurentis oo
Geargia Instiwe of Technology ASDL -
Atlania. GA 30332:0150 A el

wwi.asdl gatech.edu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

Four Steps for Implementing JPDM |

S NI G VIR

Step 1:  Determine objectives/requirements of
customer and designer.

Step 2:  Assign probability distributions to design
assumptions (fix design/control variables).

Step 3:  Run analysis and determine joint probability
distribution of criteria and requirements.

Step 4:  Determine solution with highest joint
probability (two problems: MADM or
MODM).

Ds. Dimitri Mavris / Dr Dan DeLaurentis : s”l g
&

Georgia Institute of Technology \'6“

GA 30332-01$
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) "__Joint

75

170

TOFL
Dr. Dimitri Mavris / De. wan wesouienos TR
Georgia Institte of Technology ‘ S ” l e
Atlanta. GA 30332-0150 — &{'

Probability Density Function - 2D

T T T T

Contours of
Constant Probability

s .
7000 8000 9000 10000 11000 12000

wew asdl.gatech.edu
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Joint Cumulative Distribution Function - 2D
175:  Contours of ‘
Constant . Increasing
Cumulative i ; Probability
707 Probability i
165}
&
< 10 i
s i
\ S
sl \NNCS===
e Compare Solutions——
« Make visual trade-offs | \
o between requirements Pointof 1
Interest
s} ]
7000 5000 5000 000 11000 72000
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Implementation (COQEC!)

. - R R
Step 1: Determine objectives/requirements of customer and
designer.
Step 2: Assign probability distributions to design assumptions

(fix design/control variables).

Step 4: Determine solution with highest joint probability (two

problems: MADM or MODM).

Dr. Dimitri Mavris / Dr. Dsn Delaurentis
Georgis Institute of Technology:

At GA 30332.0150
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_Empirical Distribution Function (EDF)

« Estimates probability of occurrence of a specified event based on sample
events.

+ Counts how many times the event occurred in the sample.

+ Denoted for one variable and sample x;, i=1 to n by

n 1ift
Density function: fr@=Y1x=a) I(x;=a)={gy ;f fgf:e
i=]

{1iftrue

Cumulative function: g (4) =Lil(x' <a) Mx<a)={liftne
n i1 e

i=}

« Joint cumulative formulation, sample (x;,y;,2), i=1 to n:

nyz(a,b,c)=%zl(xi <a,y, <b,z;<¢)

i=]

Dr. Dimitri Mavris / Dr. Dan DeLaurentis St
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¢ Advantages:
— Most exact method
— Does not need approximation with standard distributions
— Estimates joint probability from data directly

+ Disadvantages:
Needs large amount of data to be accurate

Requires modeling and simulation

Availability of data in conceptual and preliminary design may be
limited or too expensive

Joint probability estimation itself is more time consuming

Dr. Dimitn Mavris / Dr. Dan DeLaurentis .
Georgia Institute of Technology ASD PR
Attanta. GA 30332-0150 — e
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Joint Probability Model (JPM)

* Analytical model to estimate multivariate joint probability.

» Uses statistics of marginal distributions (mean p and standard deviation G).
» Uses correlation coefficients of criteria.

+ Allows continued use of techniques that estimate marginal distributions.

» Example for bivariate normal model:

farlab)= exp| & ;“X ) - 2p(

1
2”0x6yﬁ— P’ 2p* -2 x Oy Oy Oy
¢ Formulation for n-variate norma! model:

O Huy bty bty

1)

FORED) = e %D O (x3, E) = (x— )T (X ),
@ny”|z)*
xe R” X = Cormelation Coefficient Matrix
158L_56

www asdl gatech. edu 1999 ONR Gran! Review- Aerospace Systerns Design Laboratory (ASDL)
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JPM - Advantages/Disadvantages

» Advantages:
Needs limited information for execution

Can employ expert guesses in case of lack of simulation
Fast evaluation of joint probability
Method can be used in conceptual or preliminary design

§

» Disadvantages:
— Requires approximation of actual data by standard distribution

- Requires correlation coefficient, which may not be available in
early stages of design ’

Dr Dimitri Mavris / De Dan Delaurents
Georgiu fnstitute of Technology

Alants GA 30332-0150
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Step 3 - Exeuction Accuracy Vs. Efficienc
Modeli;g and &

)z Problem Definition R
Attributes Simulation
"1 Response Surface \

£

Equation Lo
(- Monte-Carlo = =L T Advanced Mean ||| Correlation
Simulation [, Mg 50 w1 || Value Method Coefficient
- -t Monte-Carlo [ . e ~ Matrix
ﬂ N Simulation SRR B ﬂ B
": ] CDF ((Z:orrela.tior (‘I'DF Correla‘lior. ,‘tj. B CDF
“ }{Regression oefficient Regression| Coeflicient : Regression
i Matrix Matrix
Empirical [| [  Joint Empirical Joint T Joint (
Distribution | Probability Distribution Probability |21 | | Probability |7:
Function Model Function Model

Effort

" Accurate
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Results - Method |

Monte Carlo Simulation Joint Probability Distribution
10,000 samples
LCC TOGW 0.007
10.5% 2.3% 2
5.3% 12% § 0.005
43.8% 12.5% z o0
. . £ 0.003
[
$ o0.002
o

0.001

. tx,? *
0.000 %3
. 70%

Empirical Distribution Function

0%
10.000
f(LCC,TOGW) = 15k 3 I(LCC —€ <lcc, S LCC +&,TOGW —£ < 10gw, STOGW +¢)

i=t

Dr. Dimutri Movris / Dr. Dan DeLaurentis £ .-
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Monte Carlo Simulation
10.000 samples Joint Probability Distribution
LCC TOGW
10.5% 2.3%
53% 1.2%

12.5%

Probabllity Density

u=29.23%  p=6.70%
6=7.69% G=.77°/o

0%

v &
1 1 a-py oY, a-—py by by
frla,b)= —exp(———[(F=25) - 2p(—EO(T0) + (')
276, 0, 1- p 2p°-2 oy Ox oy oy
D Dimi Mavrie B, Dun DeLaurents 45036
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Results - Method 111

RTINS Eat iy Sl

DOE ( 147 cases)

Joint Probability Distribution

LCC TOGW
-1-1-1-1-1-1-1-1-1 105% 5.1%
dA1-11-11-11-1 257% 179%
1 -1-111-1-1-11 48% 12%

Probabitity Density

Response Surface Equation

Monte Carlo Simulation
10,000 samples from RSE

Empirical Distribution Funtion

f(LCC,TOGW ) = 55 ZI(LCC g <lcc, < LCC +&TOGW —¢ < togw, STOGW +¢)
Dr. Dymitsi Muvris / Dr Dan Debaurentis ‘Sﬂl PRS-

Georgia Institute of Technology
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Results - Method 1V

DOE (147 cases)

Joint Probabilty Distribution

LCC  TOGW
TS S T R T (S S S I (1217 5.19
TS TS T TS T TS I TS B L W 174 7.9
1 -1-11 1 -1-1-11 43% 1.29

Response Surface Equation

Monte Carlo Simulation

10,000 samples from RSE

p.=6.66°/o
0=1.76%

U=28.71%
0=7.32%

1

(A=Bay 258

Probability Density

R

”X)(” "')+(ba”’) )

fo(a,b)= =
270 4Oy ﬁ -p
Dr. Dimitsi Mavris / Dr. Dan Del.aurentis

Georgia Institute of Technology
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a—

. Results - Method V.__

Joint Probability Distribution

o~y
o ;
-
~ &
-~ 3
- a
>
b =
-~ o
~ 2
°
2
[

1=28.46%
6=7.27%

u=6.61% 0=1.73%

A ,
fxy(a,b)= = exp{
v 276, Gy 1- p° 2p'-2" oy

Dr Dimitri Muvris / De Dan Delavrentis
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AS0L_55%
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T
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~_Comparison of all JPDFs

Frequency
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__Comparison of Methods .

« Good agreement of Response Surface Equation/Monte Carlo Simulation
method and Monte Carlo Simulation directly on analysis code.

+ Both distributions are approximated well by the normal distribution (due to
nine input variables and the Central Limit Theorem).

« Normal approximation will be even better for non-uniform input
distributions.

LCC

o Normal Distribution
n=6.7% o= 177%

e MCS

» RSE/MCS

Dr. Dimitri Mavris / Dr Don DeLaurents P
Georgia Institute of Technology ASDL ,ftj
Atlant 303320150 e T\
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Comparison of Methods (contd.)

+ Comparison of means and standard deviations shows similar
prediction capability of methods.

|MCS/JPM_RSE/JPM % Difference AMV/IPM % Difference

Hree 29.23% 28.71% -0.40% 28.46% -0.60%

HTocw 6.70% 6.66% -0.04% 6.61% -0.09%

oLee 7.69% 7.32% -4.73% 7.27% -5.43%

OTOGW 1.77% 1.76% -0.60% 1.73% -2.53%

Correlation| -0.1816 -0.1590 -12.44% (-0.1816) -
MCS/EDF - AMV/JPM MCS/JPM - AMV/UPM

Percent Probabllity

Percent Probability

Dr. Dimitni Mavris / Dr. Dan Delaurentis

Georgia Institte of Technology S0 ‘\'ﬁ_
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Step 1: Determine objectives/requirements of customer and
designer.

Step 2: Assign probability distributions to design assumptions
(fix design/control variables).

Step 3: Run analysis and determine joint probability

distribution of criteria and requirements.

Dr. Dimitd Mavns / Ds. Dan Del aurents [P
Georgia Institute of Technology ASDI ri’ﬁ
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. 4

» Rank solutions o o
. e S

based on joint i E
probability. 5 S

o Select solution with
highest probability.

¢ Conduct “What-If’
studies for

A 4
requirements/ P T
criteria. H i
" =
Q [ 5]

Z

Criterion 1

Dr. Dimitri Mavris / Dr Dun DeLaurentis &
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Step4-MODM

» Use joint probability as an
objective function ~
for generic optimizer. £

$

e Use design/control variablesg

as independent variables.

+ Determine optimal solution

. e A%

with maximum probability ..&&("

of satisfying all o

requirements/criteria. -

Criterion 1

Dr. Dimitri Mavris / Dr. Dan Delsurentis s .
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Conclusions

BTG

« A four step joint probabilistic decision making technique was introduced as part
of the TIES method.

« Five JPDM methods (MCS/EDF, MCS/JPM, RSE/MCS/EDF, RSE/MCS/IPM,
and AMV/JPM) were used to determine the joint probability example study
with two criteria.

« JPDM technique is capable of treating uncertain information of early stages in
design. -

« JPDM technique introduces new objective function to multi criteria decision
making: probability of meeting all operational and design requirements
concurrently.

« JPM needs extension to capture other than normal distributions.

Ds. Dimitri Mavris / Dr Dan Del.avrentis o
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Section 4w

T e e o

1. Introduction and Research Setting/Summary

2. Overall Technical Approach for Affordable Systems Design
3. Methods Implementation and Testbed Applications

4. Key Advancements in Method Components

5. Conclusions/Summary
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Section 4

Part A:
Simultaneous Examination
of Requirements and
Technologies
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Examining the Role of Requirements

Synopsis
« Requirements drive initial design studies, procurement decisions, and ultimately operational
effectiveness and cost

« However, it is often the case that design processes (and designers) overlook the impact of
changes and/or ambiguity in requirements and fail to understand the relationships between
requirements, technologies, and the design space

+ ASDL has been tasked by ONR to investigate the role of requirements in affecting the
design and S&T investment; and then to formulate a method for examining requirements
simultaneously with design alternatives, technologies, affordability, etc.

Tasks
s Link the appropriate aircraft sizing/synthesis and economic tools plus probabilistic methods to
create testbed environment; model the F/A-18C (using substantiation data for validation)

» With F/A-18E/F requirements (Ref. AIAA Paper 098-4701) as drivers, look at relation of
technology metrics on requirements mathematically

 Provide ONR with the unique capability to examine the impact of requirements, desirements. and
constraints on affordability decisions .

Dr. Dimitri Maveis / Dr. Dan DeLaurentis
Georgia Institute of Technology ASDL
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The Importance of the Requirements Definition Stage

-
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Design Freedom

Cost Committed
Actual Cost
Expenditure
0%
Requirements Conceptuat Prelimina Detail N
B(gleliniﬂon Dg:ign Des|gnry Design Manufacturing
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Expanding Missions: The F/A-18E/F

- A Air
Maritime Air Close Day/ All
Air Combat '23:;‘: Recce Air ::fe:::_ Night | Weather
Superiority | Fighter Support :Ign Attack Attack

F-14D F/IA-18

-6F
NATF A/B/C/D s
F/A-18 EF

Rel. Young, el.d. AIAA-98-4701, 1998.

How can such multi-role vehicles be
examined as potential solutions for the
war-fighter with respect to technologies,
requirements, and design constraints ?

Dr Dimitci Mavris / Dr. Dan DeLaurentis ot m
Georgia Institte of Technalogy ‘ S ﬂ l ,,—5
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Afordability: COmponents and Definitions

A design or S&T investment problem has the following top level structure:

Affordability
v v
Requirements| | Desirements Constraints
Requirements are Desirements are metrics Constraints are externally
thresholds on performance which are desired to be imposed requirements
or cost metrics which maximized (or minimized) (either by nature or
must be satisfied to delineate between government regulations,

(e.g. Mission Radius must be competing alternatives communities, market, etc.)

greater than 500 nm) which satisfy the (e.g. Keel must be of
requirements sufficient strength to handle

carrier landing)

(e.g. Minimize O&S fleet costs)

This structure provides the starting point for the TIES F/A-18C process....

Dr. Dimitri Mavris / Dr. Dan Delaurentis IR
Georgia Institute of Technology ASDI ’im
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Process

RO R

The traditional process of identification of an overall objective to be
optimized is replaced by the following process:

x> 1) Using Response Surface Method to mathematically represent combined
requirements-technology-configuration space

o= 2) search for alternatives (configuration changes plus technology infusion) that
satisfy requirements and constraints (TIES method)

x> 3) simultaneously, optimize on desirements within this feasible space
(continuous) or set (discrete) then, perform sensitivity studies to show the
perturbation of the solution due to possible changes in requirements and design
variables.

Thus, the customer/decision maker has Information with regards to the choice between
tolerating a relaxation in ‘requirements or accepting achievable performance ievels
R o R R x AR

De. Dsmuin Mavris / Dr Dan Delaurentis
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~Overall Environment Snapshot

RS

Example: Examine a multi-role fighter/attack concept
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F/A-18C Modeling
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Basic Geometry
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~ Primary Mission- Fighter Escort

Actual
SEERSBUIEBEESS Modeled ( )

Intermediate Thrust Climb .
Cruise at Optimum Mach and Altitude

42,550 ft
(39,910 ft)

(0,000 1) seresseeresmemmmrrersrre E oot
dddiadi e reee e e ene i | 39,3001

Gserio \i

i

»
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S 38001t

Reserves:
20 minutes Loiter at S.L.
plus 5% of T/O Fuel

Combat at HLO00 ft
2 minutes at Maximum Thrust
Mach 1.0 (missiles retained)
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Start & Taxi, Accelerate to Climb Speed
4.6 minutes at Intermediate Thrust, SLS
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ryd
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Multi-role Capability

R e A

Alternate Missions- Addressing

« Requirements can include performance against a wide variety of missions

« Vehicle sizing proceeds based on a primary mission and then fallout performance of the sized vehicle on
alternate missions is computed and tracked ’

| | =
A EEEEE <
lgi%—/——///-—\
?3\\/—\——// —~— P ~ || ~— — ~ | —
}I! P B P P s P o Bl
sl Primary
] Sl ot S bl i e Mission | — | —|—|—| —|—|—| ™
1 o el e el B ] Responses
P! - / | ~
Alternative | ~—| ~.| 7 |— | ~|—| 7 |—
Mission
- Responses | _—| ~_ | — | — | ~}| —| — | —
Example: Given a vehicle sized
for Air Superiority (A-S) mission, | go, |~ —
compute the performance for ~ — | | — ]~~~ —

Interdiction mission as A-S

requirements change Requirements, Vehicle Chars., or Technologies

Ds. Dimitn Mavris / D Dan DeLaurentis e
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Intermediate Thrust Climb Cruise at Optimum Mach and Altitude
43,200 ft
(40,000 £t essusansussosssssnenassssossenssassananans —
38,550 ft _____,........-...---- .
--u-n--n-uu---"' 40,600 ft
.." (37911 ft) (40,000 ft)
Combat at Best Altitude
5 minutes at Maximum Speed
Mach 1.0 (missiles retained)

s
Reserves: s
20 minutes Loiter at S.L. s
plus 5% of T/O Fuel g
:' Start & Taxi, Accelerate to Climb Speed
A 4.6 minutes at Intermediate Thrust, SLS

N
+————————— Combat Radius =505 nmi ————»
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Drag Polars for Varying Mach Numbers
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Propuﬁlsionﬂ_ModeIing

F404-GE-402 Augmented Turbofan Engine

e The F404-GE-402 is an increased
performance derivative of the F404
and is used in the F/A-18C

¢ Features a dual-spoo! mixed flow
turbofan architecture, 3X7X1X1
turbomachinery configuration

* F404 Engine performance deck
based on installed engine data for

the F/A-18C

» Engine performance data source:

“F/A-18C Substantiating

Performance Data with F404-GE-

402 Engines” Report
MDC91B0290

Dr. Dimitri Mavris 7 Pt Dan Del.avrentix
Georgia Institute of Technology

General Specifications:
s Thrust:

17,700 Ib

» SFC (max A/B): 1.74 lbm/Ibf-hr

« SFC (IRP):

Airflow (SLS): 146 pps

Weight: 2,282 Ib
* Length: 159 in
e Diameter: 35in

Atanta. GA 30332150
www.asdl gatech.edu
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0.81 Ibm/Ibf-hr

| ,,Weight Br_eakdown-vv_alidation

F/A18C Weipht Breakdown C:maris«)n
Group F/AIRC Bascline Modc)
.. . . Wing 3919 3918
. Sl'zmg/Sylln}\‘es:% Code Used: Tai) Group 1.005 1006
FLight OPtimization System Body 5,009 5,009
. Alighting Gear 2229 2,228
(FLOPS) Propulsion Group
Engines 4,420 4.417
* F/A-18C Baseline Modeled in Enging Sechon 031 o
FLOPS calibrated against actual _ Controls - -
.. = Starting System
substantiation data from Fuel System 1.078 1,078
manufacturer Fligl{u{ Controls : 1,061 1,062
Auxiliary Power Plant 206 206
Instruments 84 84
* Highly accurate model (errors | Hydraulics 35; 352
. . Electrical 59 592
in weights less than 1%) T e TReT
Armament, Gun, Launchers, Ejectors 94 948
Furnishings, Load/Handling, C: gency 63 631
Air Conditioning_ 64 642
Crew 180 180
U ble Fuel 207 207
Engine Fluids 114 115
Chaff, A i 252 252
iscell 58 58
Operating Weight Empty 25,770 25,771
Missil 1,410
(2) AM-7F 1,020
(3) AIM-9L 390
Mission Fuel 10,860 10,857
g'm")g'i':xl"rm:;n:"& hlzﬁ;:‘gcu'"m“s Takeoff Gross Weipht 38.040 38,038 4-5

Atlanta. GA 303320150
woe.asdl.gatech edu
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Economic Assumptions

« MALCCA (Military Aircraft Life Cycle Cost Analysis) in-house
code used to determine notional aircraft economics

« Baseline File created starting with defaults based on the military
aircraft assumptions (primarily sourced from F-15 and F-16 data)

Inflation Factor | 3.3%
~ Dollar Year 1994
Year of 'Program Initiation 2000
" Final Year of Production 2023
# Operational Vehicles @ 2530 units
~ System Economic Life 20 yearé

Wind Over Deck -

Recovery Wind Over Deck Launch Wind Over Deck

Wind Over Deck

Wind Over Deck

3 E
= - N £
S Aircraft Arresting Gear 5 . Ca
o o Airspeed at Plus
z T Touchdown Speed, / Performance i T Rqu:d / A/C Thrust
] K]
2 g
< <
P ——— ) AT

Speed

eAircraft Touchdown Speed = 1.05 * Vapp
«Airspeed Required = Calculated Liftoff Speed
+Arresting Gear Performance Calculated at Limit Capacity

Dr. Dimitri Mavris / Dr_Dan Del aurentis
Geargia Institute of Technology
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Breakdown of Responses to Describe a Vehicle

A

Top-Level Design Variables,
requirements related Economic Variable
to the mission and Vehicle Attributes

N /

X
Response (i.e. GW) = function (Requirements, Vehicle Characteristics, Krp, kpy)

= To cope with this large problem, evaluate it
in “snapshots”, where most inputs are held

constant while a subset of the inputs varies Technology k-factors
. . . (related to performance
- This approach allows the consideration of and to manufacturing)

mission requirements and applied
technologies along with the geometry of the
vehicle Use Response Surface

. s Method once again !
=> Snapshots 1,2,3 provide “deltas” in s

responses wrt baseline

Dr. Dimitri Mavris 2 Dr. Dan Delaurentis
Geargia Institute of Technology
Attanta, GA 30332-0150
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esponses and Top Level Requirements

2
[ ]
j !

v Example Responses;

5 R v T~ — ~~ |-}~ —

£ § R Gross Weight

¢ §Re| —|——|— |—" |~ | 7| 7| == | Probability of Survival

g % R, _— P I B ~— CL)iﬂsmlny

% R | — |~ o —] ~ | | — Acquisition Cost

QO =

‘é’ Ry| —| ~|—}— |~ —| — | — Approach Speed (constraint)

o < TOFL (constraint)

% “-:'.' R6 —_— T~ — | — | — ——— | — —

o 2

% § Ry~ - | ™~ | ™~ T/W and W/S may belong in
© either the requirements or the

Req.l Req.2 Req3 Reg4 Req5 Req.6 Req.7 Req.8 responses section - depending
Range Payload Pg Lo fumnrate Afy  Awty Mach  onhow the programs are set up

Top Level Requirements

This approach de-emphasizes the geometry of an aircraft, and instead focuses on the mission requirements.
However, it does require a baseline aircraft configuration. Geometry and Technologies are fixed, while
Requirements vary. Each vector of top level requirements maps to a specific mission.

Dr Dimitri Mavris / Dr. Dan Delaurentis
Georgia Institute of Technology
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F?equ:rement RSEs for Notional F/A-1 8C
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Requwements Exploratnon F/A-18C DeS|gn Contours

Horiz rt Factor Current X vld Densil ll Mode
ULF |
CmbMach ] o
DPaykd -1 — 1 a1l .
Dy osse Slide bars control variable values
Arga -0.857
DStealth -1
Response Auxink "
SFC 1
contours may Response Contour CumentY  Lolimit  Hilimit
be set here 40000 e T a0 | t—
anare H
T 48120793 . s Constraints are set here
\ 0 2093512 ? °
153 152.42056 ? 1583
700.21755
1238.6386

520

360 L . Area (ft*2)
White 4rea indicates available design space, while filled areas
Dr. Dimitri Masis / Ds. Dan DeLaurentis indicate areas which violate set constraints
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Effects of Increase in Combat Radius Req.

s

Decreasing
Feasible
Space

Increasing
Combat
Radius

Regmt.

14 535

380
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Horz verl Factor Current X Grid Density Updale Mode
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__Responses vs. Vehicle Characteristics

-og 4 Geometry/Attribute relationship:
[ RI —_— T~ | — T~ |
§ 8.
E gh| ™| —_— ] —~ Turbine Inlet "
8 'g R, - e = — Temperature g
Q % (TIm =
S Q Q
8 % R, — |~ | —~ | . £
0w = Specific Fuel 2
g R| — |~ —}— | ~|—| — | — Consumption fé
Q. (SPC) -
8 ’:‘_e Rb — S | e | e | e | ——— | — T ’ §
[+ % R Engine Cycle
a R~ —|—|— [~ T~ T~ Variables
[$)
DVl DvV2 .. EcVl EcV2 W  W/S
Design Variables Economic Variables Attributes

Vehicle Characteristics

Here. the Requirements and Technologies are fixed. but the vehicle
characteristics are allowed to vary. Each vector of Design Variables, Economic
Variables and Attributes maps to a specific geometry of a configuration.

Adanta. GA 30332-0150

wwa asdl gatech.edu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)
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Responses vs. Technology k- factors
3
n PShOt Technology k-factors are

5 R, —_— ]~ | T~ expressed in A%. compared to
E 32 a baseline set of technologies
9 5 R2 — | — ] — | - | — ] — S
B & This is also known as the
Q £ R U / PR, / | | — |~
<] Q™ TIF (Technology Impact

o . 3
8 =R, - ~ ~ S Forecasting) environment
w =
g RS e~ | ] ~] 7 | —
Q
g; ‘2“ R5 —_— )~ ]| | ™~

g

o

(S kpyl - kp2  kpyd
Related to Performance Related to Manufacturing

Technology k-factors

Here, the Requirements and the Vehicle are fixed, but the technologies are allowed to
vary Each vector of technology k-factors maps to a specific combination of applied
technologies.

Dr Dimitri Mavris / Dr. Dan DeLaurentis
Georgia Institute of Technology
Atlanta, GA 30332.0150
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Techno/og RSES for Notional F/A- 18C
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Addmve Creation of the Overall Enwronment

n
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Top Leval Requirements Vehicle Design/Econ. Vars Technology k-factors
/ Baseline + |
R L g -~ ~ [l | — P S P Y P B 2
ii\_’/’ ~ 5 —] ] | [ fr—] E —| | || || —f
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Top Level Requirements Vehicle Design/Econ. Vars Technology k-factors

Assumption: Interactions among the input variables exist only within each group
(Or regroup the inputs to eliminate interaction across subspaces)

Dr. Dimit Mavris /Dr. Dan DeLaurentis o
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Additive Creation of the Overall Equation

e G

Fix all other groups
(requirements and vehicle)
and let only one group
(technologies) vary

Fix all other groups
(vehicle and technologies)
and let only one group
(requirements) vary

‘ 46w =(h‘,)‘+2(req.l.riq42.req.3,...)4l
0 =

Response (i.e. AGW) = function (Requiremem';;, Vehicle Characteristics, krp Krm

" Fix all other groups
,~*(requirements and technologies)
and let only one group
s~ (vehicle characteristics) vary

‘TGW =), + Z(DVLDVZ'...,EVI.EV'.’ ..... Anrl,Aan,..il

Then:
GW=(B), ot 2ATEG TG TED YYDV, DV, . EV.EV,.. AUIEL AL, R (I A NCNER

This equation can now be re-solved for any parameter that might be of interest

Dr. Dimitri Mavris / Dr Dan Delaurentis ¢
Georgia Institute of Technology l S l K
Atanta. GA 30332-0150 it it
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Is there a »Solution??

focies AR

The set of coupled, non-linear RSEs can be used to determine if a solution exists for given
metric targets

R,:(b“)_”_,ozutq,m;:.nq..,..nz(D\(.DV:.....D’l.E\’:.....Img.AMz_.. 2 YT
Objective Targets

¢ —m
L
Reconsider Targets
or Problem Space

n non-linear
Objective/Constraint
RSEs in m unknowns

Non-linear, simultaneous

equation solver/
constrained optimizer
(e.g. Matlab)
Determine values of design variables,
requirements, and technology levels
that produce objective targets N
Y
Purpose Done

Dr. Dimitri Mavris / Dr. Dan DeLaurentis e

Geargia Institute of Technology ASDl E‘g
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One Example Application on the Notional F/A-18C

Objective:
Minimize the Gross Weight of a multirole fighter (Notional F/A-18C baseline)-

Equality Constraint: ‘
Required Primary Mission radius = 357 nm (+15% from baseline)
Required Delta Weight for Stealth = 500 Ibs.

Inequality Constraints (deltas with respect baseline):
AAIRng 2 4%, AOEW <-4%, A$0&S <-3%, AP 22%,
ATumRt > 3%, ATumRad <-3%, AWOD < -3 knots

Free Variables:

Requirements: Ult. Load Factor, Combat Mach, Payload, Thrust, Wing Area, Aux. Tanks

Technoloay K-Factors: Minimum Drag, Induced Drag, Wing Weight, Fuselage Weight,
Vertical Tail Wt., Horizontal Tail Wt., $RDTE, $1st Unit Prod., $04&S

Dr. Dirmitri Masns / D Dan Del awrenus ¢ na
Geurgia Instrtute of Technuiogy ‘S”l e
Aanta, GA 303320150 NIy

1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL)
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_Screenshots and Example Results

PR R DR —
.
Results: The
P m T Tk o | constraints/objectives/targets

Obijective: e can be quickly changed
AGW = -8.8% q 0 and the optimization

e re-executed
Inequalities:
AAIRNng = 6.9%

AOEW =-10.1%
A$O&S =-3%
APs = 3.6%
ATurnRt =4.8%
ATurnRad = 6.7%
AWOD = 6 knots

| dOTVT, Q19X UT, GOST, aPaT, ATRLT, ATRAT, AVAFPT, AAITRT, dRODT, dspanTl«. .
alc_constreince (X0):

Analys'is routines
created in MATLAB®

AOLWP & §.07584416+RD Y1, 006156704ULY 10, 83394344CN"0. 194853374, .
2

23 crEpr-0 re0. EeCH*0.01 0091813
DPPOLEIO. 01370773509 *CRY-0. DOF6I254DP#DP 1~0. 0009SIL+THIRD*0 0322633
THSULT<0. 01477792 4THTCR*0, 00744453 THIDP7-0, D018 724+ TH*TH*0, DOZ 4093
BUCRR0.012 40.0039123:
7044DS LY *0. 01405276+ .

70,
3333543V7994.0.0013462 43 *RD*

Dr Dimitrs Mavris / Dr Dan DeLsurentis
Georg Institute of Technology

Adanta. GA 30332-0150

www. 85d] . gatech. edu
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Euture.......\ncorporating Probabilistics:
Achieved vs. Anticipated Requirements . ........

One Requirement - 1-Dimensional Plot p (S <fying Requi )
atisfying Requirements
z Achieved Anticipated = P\Req s pierved ~ REG amici >5)
.g Reguirement Requirlc)mcm qurimd Q pmicipared
S = P(RD >0)
%
£ .
Two Requirements - 2-Dimensional Plot
) > Anticipated
+— >
l‘__,l Requirement Reguirements
b 4 Area of Satisfied
Range of Satisfied g Requirements
Requirement g
2
g
o
P(Satisfying Requirement)
= P Reqyicipstea = REQactiovea > 0)
=P(RD>0)
Achieved
Requirements
Requirement 4
itri Mavris / Dr. Dan DeLaurents £ o
2’:‘,‘.’;;’2’;‘&311:.{:;’%’?‘"’2&5{ o ASDL 'i’?
At o Forl o 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) i

Probability of Satisfying Requirements

S e R i PR R A SRR Y
Probability Density Functions A
g /‘\
3 Probability of Satistying O
& / Requirement
— ':’/ 4=
RD = R6GQachieves * FEGancpates —
0 0 D,
Cumulative Probability Functions \
a ﬂ Probability of Satistying
> {‘ Requirements
= T
g
& Probability of Satisfying 0 \
Reguirement
! RD | N
0 " RD
1

Dr. Dimitri Mavns / Dr_Dan DeLaurentis

Georgia Institute of Tgcshnulngy
tanta, GA 30332-0150
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Section 4 |

1. Introduction and Research Setting/Summary

2. Overall Technical Approach for Affordable Systems Design
3. Methods Implementation and Testbed Applications

4. Key Advancements in Method Components

5. Conclusions/Summary

1999 ONR Grant Review- A Systems Design taboral DL, ‘sm
Section 4
Part B:

Investigation of Advances in Soft
Computing and Mathematical
Sciences for Affordability
Measurement and Prediction
%::')EEi%ﬂggﬁiiﬁ'%e:ﬁ‘guumm 1999 ONR Gran! Review- Asrospace Systems Design Laboraloty M;DL) HM

www.asd] . gatech.edu




Tasks

»  Main Tasks:

— ... development of a comprehensive database of key characteristics,
relevant bibliographies, and clear identification attributes and limitations
as to these techniques.

_ . for each examined technique, definitions, maturity status, data on
leading scientists and organizations advantages and problems, software
jmplementation, practical applications and ‘pointers’ to the problems to be
addressed within the affordability science.

+ Main Assumptions:
" — ... customer’s concept of affordability

— ... no more than 10 -15 areas and a certain period of time due to diversity
and dynamism

+ Results:

— Comprehensive database of important modern mathematical techniques

and their characteristics as applicable to affordability science.

_ Recommendations on use, limitations and desirable development of
mathematical techniques with respect to affordability

i

Dr. Dumri Mavris 7 Dr Dan DelLautentis . . .
Georgis Instinste of Technology ASDL -
W LE LTRSS
3

5A 30332-018
Allana. GA 30332-0150 1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL)

www . asdl.gatech.edu

Research Motivation?

REAR R D R AR RN AR

R R R

« Find elements that can serve as a formal foundation for affordability science

« Selected the areas of investigation so as to have a broad range of application
domain to address a wide variety of problems.

+ Organize this broad range into categories and identify their primary area of
concern on a higher level.

+ Map critical areas in affordability science which would benefit from additional
methods to the categories of solution techniques.

This will yield

© The areas/categories which are the most critical to the affordability science on a
higher level

= A better understanding and greater insight as to where each of these techniques
stands and

> How they can be used to have the greatest positive impact on affordability
science, and science and society in general.

D1 Dimitri Mavris / Dr. Dan Delaurentis

Georgia Institute of Technology ‘ s ” l FQ’“G—

a 332015
:3:"':‘;;? ;2: ZC(:,‘ Bd“ 1999 ONR Gran? Review- Aerospace Systems Design Laboratory (ASDL)

19



Overview/Summary of Investigated Areas

e i

Method Description Applications
Uncertainty Management Uncertainty representation, knowledge analysis and analysis of
Rough Sets Upper and Lower Approximations conflicts, identification of data dependencies, Information-
preserving data reduction
Artificial Neural Pattern Recognition and F“’:f'jo“ | Approximate Reasoning, Patiern Recognition, Function
Networks Approximation, Non-linear Reg Approximation, Time-Serics Prediction
Genetic Algorithms Genetics a{nd Chromospme Global Optimization. Applicable (o discrete variables and
representation , Evolutionary parameters, Genetic Representation
Algorithms
Fuzzy vs. Crisp Representation of incomplete, uncertatn or partially
Fuzzy Logic Uncertainty Representation true knowledge, Knowledge Management:
Approximate Reasoning Approximate Reasoning
Chaos Theory and Dynamical Systems Dynamical Systems, Chuotic Behavior, Image Coding,
Theory of Fractals Fractal Structures Wavelets
Granulation and . Clustering, Approximate Classification. Optimization:
Apgregation Granular Computation Approximate Reasoning
Game Theory Decisions players make in a Analysis of strategic concepts. Partial Prediction on partial
) well-defined game - knowledge, Decision Support
Ordinal Optimization Ranking and Optimization Optimization; Ranking. Sclection of the
Method best’
Semiotics IS'igns'similar to those used in matural § Apalysis of language, Linguistic Concepts,
Anguages Logic of Signs
¥ m i’;\?ﬁ\r"lil):e‘-m:rs'}!ulchusc ll;cc‘u._wning: Diagnostics, Certitication,
S ~ i sign Iy
Systems Inference. Reasoning SiE A Sﬂl g I,ﬁ
1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) - B

Level of Application of a Method

Bl

« Ranks the techniques relative to each other between the two extremes
— A may be more specifically tailored to an application or
— A method encompasses fundamental and basic principles
« Compare only those on the same or a similar level of application
« Techniques on different or the same levels of application may build on each others
principles or be integrated as hybrids
«+ Basic techniques with a low level of application are fundamental notions, they
— generally require more work to be applied than those with high-level
applications already specified and
— can usually be applied to a much wider range of problems than high-level
specific applications

» Techniques which evolve from a fundamental, basic stage to one or more high-
level applications may all be known under the same name

+ The Level of Application marks the first dimension in the classification scheme

Dr Dimitri Mavris /D1 _Dan DeLaurentis . e
Georgia Institute of Technology lS ﬂ l § "’6
Atlama GA 30332-0150 —-&o

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

www asdl gatech edu
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(-——————————-————-—i,,,,, -

How broad is the range from theory to application?

A sample of techniques

Atlants. GA 30332-0150
waw.asdl . gatech. edu

Method
e Artificial NN
¢ Chaos
» Fractals

»  Fuzzy Logic

»  Game Theory

»  Genetic Algorithms

«  Aggregation/Granulation
»  Expert Systems

«  Ordinal Optimization

* Rough Sets

¢ Semiotics

Dt Dimitsi Mavis / Dr. Dan Delsurentis
Geurgia Institute of Technalogy

Description

Computational methods
Dynamical Systems
Mathematical representation
Mathematical notion
Modeling Strategy Situations
Discrete Optimization
Clustering and Optimization
Reasoning

Ranking Optimization
Mathematical notion

Signs and Language notion

Application Level
procedure
specific basic
specific basic
basic

application
application

basic, application
procedure
application

basic

basic

1999 ONR Grant Review- Aerospace Systems Design Laboralory (ASDL)

\‘”Nherg do the§e meth‘odhs fit in?

More theoretical and basic

\

Stochastics

|

APPLICATIONS
Game !
Theory
— . Ordinal Optimization |
Artificial Genetic
Neural Networks Algorithms

Reasoning:

KBS

Probability

Possibility Theory

Theory

Dempster-Shafer

Rough Setﬂ{ Fuzzy Seti!

More applied and specific

Atanta, GA 30332-0150
www.asdl.gatech. edu

Ds. Dimitri Mavris / Dr. Dan DeLaurentis
Georgia Institute of Technology

THEORY
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Areas of Focus and further investigation
) I ‘MAPPLI‘C:AT.I()\;;SW ‘

rKnow]edge-Based SystemsJ

“Geref csand Artificial Life

Neural Networks

Fractals l ' Granular Computation l

l: . -
Chaos l Probability Theory Possibility ‘Theory”

More theoretical and basic |

Semiotics
FFuzzy Sets
[ Rough Sets
’ t |
THEORY i i
i i
. i nati Knowledge | L
Physics-Based Model !dentification H information H i
: ) Management and | i Optimization
t: 1 H H
o Mose:ng“ . and Data Analysis Reasoning ; Modeling ;
i avris / an Delaurentis ¢ ’
c.:-.ug’r-“x‘:«nm nfT:'Lhnnh‘gy " ~ ﬂﬂl .

Atlanta. GA 303320150
wee . asdl patech.edu

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

Ordinal Optimization l

[ More applied and specific

Screenshot of the Summary Web Pages:

http://www.asdl.gatech. edu/affordability/newmethods/

SRR

B4 58 Yer Jis loemmde b .
P RO T " -
= Posi e Seich Newwe Ph1_ She  Sio-

Affordability Measurement and Prediction Research and
Development Program J

Uffice of
Naval Research

Tl EO Yow Go Lonmexcela Heb - R
Advances in Soft Computing and Mathematical Sciences :“

Thus page prowides 2 summary of the results which were foun
Computng apd mathemancal Sciences m view of their apphcabil:

The methods whuch were mvesngated include 5
Py Loz - e
. Theory of Rough Sets

ArsScal Moy Nerwnrks of Rough Sets '
S . The nonon of rough ret has been invesigated mmce the 70's and has been found usefl m the regmes of H

: Knowledge acquisition and data rning M
Eypwiedze Faced Sysiems key researchers m the Beld are : Pawlak. who won the Lot Zadeh Best Paper award for Soft Compumgm 1
Thaze Theo 1997 for a paper on rough sets, Ning Zhong. Professor m Japan, Chau of the next wtemnational workshop of
; Rough Sets, Data Mining and Granula Computing i

3

A brefinzoduction on the theory of rough sets 15 mven by the electrome Bullean on rough tets (E2RS
{1999

The theory of rough sets has been under conmnuous development for over 12 years now. and a fast growing
1 group of researchers and practmoners are meerested in this methodology The theory was ongnated by
The pages cottams & descriphon and mxoductory SUMAy 0] Zgzlaw Pawlak in 1970's as & result of a long term program of fundamental research on logieal propernes
background of each of the methods, some examples and apphcz] of mformancn systems, camed out by hum and a group of lopcians fom Polsh Academy of Sciences and
a0 bks 16 other useful websies Those methods were found t] the University of Warsaw, Poland The methodology 18 concered wath the classific atory analyns of
Neural Networks, Fuzry Logt and Genebe Algonthms, receme | imprecise, uncentain of inomplete information of knowledge expressed m terms of data acquyed from
2 : oot Dne . 1 e 1| expenence The prmary notions of the theory of rough sets are the approxsmazon space and lower mnd
upper app ofasel The spacess s of the doman of mrerest mic
dsjomt categories The classiication formally represents ou knowledge about the domain, 1 e the
kaowledge 15 understood here as an ability to charactenze all classes of the classic anon, for example. in
terms of features of objects belongng to the domain Objects belongng o the same category are not

iz =S e
1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)
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Aerospace Systems Design Laboratory
www.asdl .gatech.edu

ASDL Affordability Research
www.asdl.gatech.edu/affordability

ASDL Architecture Research

www.asdl.gatech.edu/image

Dr Dimitn Mavris / Dr. Dan DeLourentis 0 g

Georgia Institute of Technology ASDL rx‘(ﬁ
GA 30332-0150 B0 Y il

A O o 1999 ONR Gran{ Review- Aerospace Systems Design Laboratory (ASDL) (3

Summary

+ Database of methods and key characteristics

R

~ In electronic form, available on the web
- Summary write-ups for each technique, addressing function, type of
implementations and other summary information and characteristics
- Reference Bibliography for each technique
+ Method for classification of techniques according to ‘dimensions’, such as
— Level of Application
~ Problem Domain in terms of decision making
— Select Techniques to apply and give further consideration
» Application examples of:
— Genetic Algorithms for Technology Impact Forecasting (high application level,
optimization)
— Artificial Neural Network for Metamodel-building (medium applicationlevel,
function approximation)
— Fuzzy Logic to Possibilistics for uncertainty management (basic, low application
g om0 TE AS0L_55%
e T ASDL 9

www asd] gatech edu 1999 ONR Grant Review- Aerospoace Sysiems Design Laboratory (ASOL)
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Section 4

Part C:
Stochastic Methods
Research

Ds. Dimitri Mavris / Dr Dan Delsurentis

Georgia Institute of Technology ) S0l
Atlanta. GA 30332-0150

W:n :sd 1 gatech edu 1999 ONR Grant Review- Aerospace Systems Design Laboralory (ASDL)

Stochastic Methods Task Summary

PO

Main Objective: To define the requirements and identify the
specific tools for the transition from a probabilistic decision-
making mechanism for Affordability to a stochastic environment.

Specific Tasks:
« Establish the need of a time-varying model (current shortcomings)

« Identify the needed elements of a proper stochastic approach
including mathematical tools, decision-making models, etc,

« Recommend ways that the environment assists (not hinders) the
making of rational decisions (resource allocations)

Dr. Dimitri Mavris / Dr Dan DeLaurentis Ao
Geargia Institute of Technology ASDl £ &
Atlanta, GA 30332.0150 2L

www.asdl gatech.edu 1999 ONR Grant Review- Aerospace Syslems Design Laboratoty (ASDL)
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~ Why Stochastics ?

« Technology readiness changes in time

« Fidelity Uncertainty changes in time

« Customer requirements change in time

« Fitness landscapes (i.e. objective function surfaces) change in time
o Operational environment changes in time

« Budget allocations change in time

....... Bottom line: Both deterministic and probabilistic variables

involved in identifying and designing affordable systems evolve in time.

Stochastic methods are needed.

1999 ONR Grant Review- Aerospace Systems Design Laboralory (ASDL) Jm
Analogies:
~ Common Applications of Time Series Prediction
* Weather forecasting
 Sales forecasting
e Economic forecasting (i.e., price)
 Stock market forecasting
e Manufacturing forecasting
 Prognostic of incoming failures
. etc.
e ASDL__SiE
CS:"‘?Q?.?R’.’;%'SI’“ 1999 ONR Gron! Review- Aerospace Systems Design Laboratory (ASDL) - 'g&fﬁ
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Issue: Prediction of Stochastic Syste‘msw___

BETRINEIET

What is time series prediction ?

« Time series prediction --> find the future values {xy, ,
Xz ---] Given {x, x,, ..., Xy}, Where x, is the series value
sampled at time ¢.

o (Takens, 1981) If the series is deterministic, there exists
d, Tand f{) such that for every t > (d - 7)

X = flx, 1 X 20 Xy ar)

Unfortunately, there is no exact method to find d, 7and
f(-) when the series is too small (less than 104 samples for d

and 7)
Dt Dimatnt Mavris / Dr Dan Delsurentss Ps
Georgia Institute of Technnlogy ASDL «’?
lants, GA 303320150 Lt PRIV
Allanta, G ! 1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL) 4

wws agdl.gatech.edu

) _§hortcomingﬁs: Current Predniction«Me‘thods

SRR,

o There are major weaknesses with current time-series methods
need to be overcome:
« Generally only valid for very short term prediction (i.e. can
only predict next Steps Xy, ; Xy.2)
« Lack ability to incorporate causality, especially through
reasoning/learning

« Studies under this grant focused on advanced time-series
prediction methods. In particular, a neural-network model is
under development for the prediction of airline load factor and
fuel price based on historical data and cause/effect relationships

1r. Dimtri Maveis 7 Dr. Dan Del aurentis e
Georgia Institute of Technology ASDl E\"ﬁ.

o~
Atania. GA 30220150 1999 ONR Gron! Review. Aerospace Systems Design Laboratory (ASDL)

www.asd] . gatech.edu
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The Classical Approach

Many time series can be modeled by two simple models

¢ Autoregressive (AR)
Zl = ¢0 +¢IZI—] +¢ZZr—2 +..+ al
* Moving average (MA)
Z =¢,+6a,_,+6,a_,+..taq,

o Combination of two models (ARMA)

Z,=0+PZ _+$Z _,+..+6a,_ + 6,a, ,+..+a,

Dr. Dimitri Mavris / Dr. Dan Delaurentis [
Georgia Institute of Technology H 174 {’5
B S

Jant 303320150
:,:{;'."l:sg';_ g‘:t ::hl. edu 1999 ONR Gtant Review- Aerospace Systems Design Laboratory (ASDL}

Neural Network Approach

+ (Hornik 1989) showed that neural networks can be used as
universal function approximators.

« For time series prediction problems, let’s assume we know d,
7and want to find f{-) using neural networks.

» For nonstationary time series prediction, the network must
have memory that holds the past events and an associator that
used the memory to predict

(1) > short-term > generic —p Y1)

memory predictor

Dr. Dimitri Mavris 7 Dr, Dun Del.aurentis o
Georgia Institute of Technology H 01 %

s 1320150
A e o 1999 ONR Grant Review- Aerospace Syslems Design Laboratory (ASDL)
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Data Example

Avaitable Seat Miles — = = Load Factor

- — - Revenue Passenger Miles

10 -

08 -

06 -

Normalized Variation

04 -

Investigate causal effects
and incorporate into
recursive model

01— - -
1940 1950 1960 1970 1980 1990

D Dimi Mavns /D1 Dan Delaurenus Year
Georgiu Institute of Technology

Allanta. GA 303320150
waw agdl gatech edu

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

Prediction of Revenue Passenger Miles

Y R R B - o

P

Trend
Feed-forward neural network results: A ren
n : P
Historical data ’

Oscillating detail

: o ] I
Georgia Institute of Technology ASOL : \'.6
Atanta, GA 30132-0150 — X

www asdl.gatech edu 1999 ONR Grant Review- Aerospace Systems Design Loboraloty (ASDL)

28




RPM Prediction (cont.)

PR € o AT

Feed-forward neural network results:
Trend can be captures, but without causal factors, oscillation
for short term prediction is impossible

.
"ML‘\ / /

L T T T T R T T N T T N T T

Dr Dimstri Movris 7 D1 Dan Delaurentis

Georgia Institute of Technology ASDl &
Atlan. GA 30332-0150 —— :ﬂ}
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Representation of Stochastic Processes

e

Motivation
Information must be readily available at all times during decision-making
processes
Information is stochastic and highly dynamic
Information must be easily transformed into knowledge
Information is distributed and very large amounts exist

Research

Study methods for representing stochastic processes in the context of
decision-making

Findings
Evolutionary modeling techniques exist
Difficulty in identifying axis of change; area for future research

Results from ONR base research plays a key role in the structure of the
information model

Dr. Dimutri Mavris / Dy, Dan DeLaurentis

[P
Georgia Institute of Technology ASDl @
a 30332-0150
ﬁ;”‘ffj? gat Zth edu 1999 ONR Gran! Review- Aerospace Systems Design Laboratory (ASDL) .
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Definitions in the Context of this Research

Information
A collection of data describing products and processes.

Knowledge

Information in context.

» Transaction
A valid action that has occurred.
e Event
A transaction that happens at a specified time.
e e o Techmenagr e ASDL I(‘_,j

Al A 30332-0150
dants G ol 1999 ONR Grapt Review- Aerospace Systems Design Laboratory (ASDL)

wws.asdl.gatech. edu

Evolutlonary Data Structures

. Current database technologies using hnked lists can be used
to store forecasting information.

Distributions can be stored in Linked list structures can be Object must be able to store
objects and keyed to time —> used to store informationasit — both stochastic history and
evolves over time. This is discrete event as well as
needed so that decision- return appropriate result when
making history can be stored. queried.
X x(g) X -
| A A
> : . I .
: t t Time t+1 [ Time L Time
Object Object / Object
/\ Do not delete /. /\ °
Xt} (y old data X)Xy ot Xa)
Dr Dimitn Mavris / Dr_Dan DeLaurenti X X
imitn Mavris / Dr Dun DeLaurentis " rre N
Georgia Institute of Technology —— — ASDl ¥v§
Alania GA 303520150 1999 ONR Grant Review. Aerospace Systems Design Laboralory (ASDL) ot 3

wa.853] . gatech. edu
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Addltlonal Forecastlng Scenarlos

« The followmg scenarlos are expected in forecastmg They are more dlffxcult
to map and manage as data structures and require further investigation.

Branching - (Subject of Current Research, x(t)

Decision path separation because of budget
constraints, shift in requirements, and

technological impacts
Parallelism

Multiple decision paths can occur during ®e
technology trades, bidding, and multi- , /\

purpose designs

T:Lme

'S

Tlme

(A)Synchronization

Decision paths may not be synchronized as X(t) ,

tasks are delegated to different groups and o1
//E//\

technologies are evaluated as they matures
t+at+b

Decision paths may be done independently
grA Di!'nillri Mu:ﬁsfl_lpl hDu;\ Delaurentis ”l
corgia Incttute of Technology ASDI ¥
v .@A«

£ 30332-01 5
c\‘«:m: ESIA, gat ezcr;"l gdu 1999 ONR Grant Review- Aerospace Systems Design Laboralory (ASDL)

Formulation of a Stochastic Object Framework

. Prehmmary Fmdlngs

— Advantages
« Permit storage of both stochastic and deterministic information

+ Sound temporal framework exists for managing information

- Disadvantages
» Assumes time is the axis of change
« Complex decision making paths difficult to implement and manage

 Characteristics of a Stochastic Object Framework

— Transaction-Based
« Allows for non-temporal considerations to affect events; Situation Calculus
is necessary for modeling transactions and their relationship to time

» Multiple axes of change can be modeled

— Evolutionary
* Permit storage of deterministic and stochastic information in same structure

« Permits growth from a data set with few sparse points to a fully populated

legacy data history
Dr. Dimitsi Mavris / Dr Dan Delaurentis .
Georgia Institute of Technology !_15 ” l £
anta 332015
A e 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL) ‘m

31



~ More on the Axis of Change

« During the course of the preliminary research, the time axis
presented difficulty when time was used as a key for tracking
decision making actions. Time is important for forecasting
but may not be relevant for:

— Predictions

— Comparisons

— Forecasting across multiple domains
— Other decision-making processes

« More research needs to be done on quantifying other axes of

change.
Dr. Damitri Mavris / Dr. Dan Delaurentis P
B Dami Mo Br D el e ASDL_Li¥,
Adanta GA 30332-0150 — »-‘:% Oy

www asdl gatech edu 1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

Some “Axes of Change” within an Enterprise

e N TR R £ Earatis

)
i
i
H
Absolute Time ~ 99Q2 |
How does design H
compare against Conceptidal ~ Preliminary  Detailed  Manufacture Service
the others? Can | H
down select?

99Q4 . 00Q3 0I1Q3 , 02Ql

Relative Time N N R
I've had two hours bl 1 - -

to get an answer, Same Day Next Day Week
how does my
answer compare?

Similarity R N R N
The other design ~ v - - bl
includes sub- Gross Components  Sub-Systems Identified  Internal Layout  Store Types
systems, is mine .

consistent?

Mode) Size I l
My analysis is -

based on a 200 100 Nodés 1,000 Nodes 1,000,000 Nodes
node FEM and the
other is 100 node,
should more be
used?

Dr. Dumitri Mavris / Dr Dan Delaurentis P
Georgia Insitute of Technology ASDl ‘3#_6
Atlanta. GA 30332-0150 o — &\
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Summary of Issues

» Tied to Stochastic Modeling
— Can temporal methods be extrapolated to other axes? How are
decisions impacted?
— Which axis of change is needed for a particular decision type
or class?
— How can decisions be mapped against the axes? How can the
axes be mapped against each other?

e OQOther Issues
— Investigation into information quantity and quality. How
much data is needed? When is extrapolation acceptable?
— Identify situations where real-time and near real-time
information storage are applicable.
o Temgy e __ASOL 5%

Jant:s 20332-01 §
Allanta GA 20332-0150 1999 ONR Granf Review- Asrospace Systems Design Laboratory (ASDL)
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S_ection 4

b RN MR W

Part D:
Decision Tree Networks
Research

Dr Dimitri Mavris / Dr. Dan DeLaurentis o
Geargia Institute of Technology . Hﬂ[ ‘i\:ﬁ
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Stochastic Decision Trees: Motivation

Uncertain system
state (fuzzy, /
stochastic,

non-linear, ...)

Performance
The dynamics of the future “project (venture) - external environment” system is complex and uncertain.
In affordability studies, three classes of metrics are to be taken into account simultaneously: time. cost,
and performance.

The following types of relationships are characteristic to the system: T, = f (T}, C;, P)), C;=f(T; C. P,
and P; = f (T;, C,, P)), where T; is time, C, is cost, and P, is performance of activities (processes) and
events (milestones), which constitute the system structure.

This Tri- Variate (Time - Cost - Performance, or T/C/P) Affordability Problem needs the metrics on all
three axes to be quantified intelligently. The objective of the decision maker is to search for potentially
optimal and critical alternatives and paths in the system dynamics.

@;{&, Adequate analytical methods are required to derive and examine these relationships

e
in affordability studies
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TIES Fuzzy-Stochastic
Method Decision Tree-
Output Network

TIES Analysis

* Technology Impact Forecast Equations

* Technology Confidence Estimates (TRLs)

* Feasibility/Viability Estimates

The TIES method generates input information for the tree-network in form of
specifications of activities (processes) and events (milestones)

VERT-3F Fuzzy Stochastic Modeling Method

* Information mapping and integration

* Simulation of system’s life cycle logic, constraints and objectives (failure and success conditions)

using time, cost and performance metrics and their relationships

Fuzzy-stochastic tree-network models simulate the “project-environment” life cycle
dynamics under uncertainty
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Project Details (Case Study)

Project’s life cycle phases (network models) New technologies performance metrics

P1 (N1): new technologies RDT&E phase ¥4 1. T1 - High-temperature composite wing:

P2 (N2): vehicle design phase o Y11: Wing weight reduction. %

P3 (N3): test ‘amc]e production, T&.E. and cqn:ﬁcanon phase Y12: Surface work temperature increase, °K

P4 (N4): vehicle production. operation & retirement phase 2. T2 - Circulation control:

- Y21: Lift-over-drag force increment, %

New technologies (T1, ..., T4) Y22: Thrust losses, %

TI: High-temperature composite wing - to reduce weight and 3.T3 - Hybrid Jaminar flow controk:

improve temperature tolerance . i ; i

T2: Circulati%n control - to improve the vehicle’s takeoff and ‘Y(g; gﬁg:;snc;g1;rg;a§oce<:_%it';z;ix:tegeudcl:ic;;on%%

l;‘l;d li-rllgbprﬁ;fl‘:;lmﬁfrl:;ieﬂow control - to reduce high-speed flight 4.T4 - Advanced engine concept: ’

dras Y gh-sp g Y41: Specific fuel consumption reduction, %

T4: Advanced engine concept - to reduce engine’s s.f.c., and Y42: Fly-over noise reduction, EPNdB

noise and emissions levels Y43: Side-line noise reduction, EPNdB

System alternatives (V0, ..., V14) | System level metrics

V0 (baseline) = none of technologies is used | 1. Flight performance metrics group (M1, ..., M4):

Vi=TI] M1: Landing Approach Speed Via <155 kts

Magt M2: Landing Field Length LFL <11,000 fi

VioT4 M3: Takeoff Field Length TOFL <11,000 ft

V5=T1+T2 M4: Takeoff Gross Weight TOGW < 1,000,000 Ibs

V6=T1+T3 2. Environmental performance metrics group (M5, M6):

V7=TI+T4 MS: Fly-Over Noise (Stage IIf) FON <106 EPNdB

V8=T2+T3 M6: Side-Line Noise (Stage IID) SLN <103 EPNdB

V9=T2+T4 3. Economic performance metrics group (M7, .... M10):

Vi0=T3+T4 M?7: Aircraft Acquisition Price Acg$ Minimize FY98$M

VI1=T1+T2+T3 M8: Required Yield per RPM $/RPM  <3$0.13(*) FY98SM
| x}g f% ' % : ;3 M9: Direct Operating Cost Per Trip  DOC/T ~ Minimize FY98SM
G VI4=TI+T2+T3+T4 M10: R&D, T&E Costs RDTEC  Minimize FY98$P\I/1
www a5d] gatech.edu = Aerospace Systems Design Laboratory (ASDL) &

Vehicle’s Life-Cycle Tree-Network Models
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valuation (RDT&E) Phase

ARG I & s i

N1: New Technologies Research Development, Testing & E

es . design 0/ {7 artich testing and ibility check

SP1: technology IISPE:iecbnokgy [;sgs:mchnologyws: I SP4: technology SPS:lechnplog'ylimemmcheck,>| SP6: altematives

N2: Vehicle Design Phase

design .- -and systems and si ionand check . ~. " “and decision making

~

SP1: concepiual ) I SP2: pgrliminafy% - :SP3; detailed design ) FSN: systemn level ineirics modeling SPS: overal{ performance assessment

N3: Test Article Production, Testing, Evaluation and Certification (PTE&C) Phase

§P4: final ssserbly and SPS: vehxcle
8 \bly guality check - testing

l.. "SPL: vehicle lvsn:mgm'; l -
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VERT-3 Modeling and Simulation Process

4 Step 1. Decision situation formalization S )
Define the problem, define success and failure conditions and decision criteria, establish

the alternatives to solve the problem

e

Step 2. Flow network specification
Formulate the model, specify main activities and events of the “venture - external
environment” system dynamics

Step 3. Input data collection . .
Collect the data on main activities and events, represent the data in the form of probability
distributions, histograms, and/or mathematical relationships

Step 4. Tree-network pro rammin%Z
Translate the tree-network model into VERT input system, program and debug the model
Step 5. Network verification and validation

Venify and validate the model, conduct sensitivity (“what-if’) analysis

Step 6. Network simulation and results analysis
Design the simulation experiments, conduct the experiments. process. and analyze results

Step 7. Alternatives selection
Compare alternatives, identify the worst and the best outcomes (critical/optimum paths)

‘Iterations are possible. .

Step 8. Results generalization and communication

Present the final study to the decision maker in a concise format; make recommendations
regarding those activities and milestones and their parameters. which are time, cost and
performance drivers on both critical and winning paths; estimate project’s overall risk and
success under key uncertainty hypotheses (scenarnos) .
oot ine ot Tochnor o ASD é )
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N1: New Technologies RDT&E Phase Network (Version 2)

|51 sechnoiony Y B2 echnotessy { SP3. rechuolopy vest SR rechaalory SPS: tevoclogy tsme and von chevk SPe. aernativer R
Wi easibiniy subes, desgn article fahrieation formance Lesiing and perfarmance evalustion sechnica) feasibility check R
¥ s ¥
) . sl Nt 0
Groug of techaelegs Treined sctien.ix 1. .4 M m am - e r\i’ N
NO F} et Y1 OK [T T
r Nu fAa): Thmeng \ |a]s A8l ume ang s T A9% THio VS sl s
omonce || cont eheck o __——)(:)
N i Tt il | | T ol N3 T s P14
rasevs atrcaion | 1| vty PO 1Y A————)® @.
sty . e - N | N e by IR 7
2 ™ : T weing | xa3 -———P(:)
ofl A5 e omaxe VI [y AS: T1 ofY UE Pl s n-\'u@ 1
AT ok [——>
> Awn T1 sor Vi @—) x|
Ml e A2 L] - ofL
ol . T mu@ @
[ _')(:) =1 : ) LLF——>
s st v I
M AT T — AR T VI 711
Vi1 0K
(TR W Bl 3 A6 T2ame w T AV T2 VS N
] pectommance v21\ | <] L > e Jestor D1
o| T|A% Fl ava xu e A0 T2 er ¥
) 5 } alt} mnee [5]3f e Jafa 2 G
x : [ - N il >t Alot s b - .
N e wre P ML 010 T2im Y12 P
: P e m - @4
2 vl |1 A1y T2t 12 C 2 .
NILL avag Al T2 lor Y DfL
sy H L Lo 1) @
H _}@ oo 4 © @__)
% L] N e
D M oasT s pos *103 M :
- ¥ et ¥310K b e Ale Ty Y3 2o (AR
v frre Tomaance\ 22 faas Taising\ 1A Ans Trame T A 0
o T 1 tabrcao0 pertonnance Y31 X1 L] A48 ¢ amow pettor AT DwY ° i HE
v || [ a3 T e e A8 T3 o X3 NRISY
ety A A] 15 e SHL| pertmnsce | aaf O 2
1 Mo T r Al g F—=>ixjt H>
A i > weles J s T L Afe] Aoy D Sro e ok
! ALIO T3 e Vi1 N\ ‘l\
= a (D, >

AT €13

CED
e
AL
HONE
. I © 7>
L3
3
==
A
=
@ l
=
e

§
1= [

Al ru..\ru

Noa
¢y AllS Tl V4

3
e
LT
s

'

-4
2
3| cxrm

pertoamnce JA]4] iosen R
NN

g B > ANIS Tatay3

XX

n
1 o | Il | S B PR
Ve

OKs

~:
M e Ny (ﬂ.nmhl T P Y4 OK T ans o ane
Yai) ™ > i eheck 1t
ahncadon £l o e
h o 118 B Raatd e
L L
'

wing et Py
Yeavghans o A1 T4 s €10

H
Fi}} z

EXS
G
4

15| Project
falure
node

B Al
o ity i st
e
T} Project -
¥ suecess (N
it hovns / QAT TR J4)id

 — 0

=i

e ga

L Insutite of Technology 0, :

chels nsiute o Ted i
A A o 1999 ONR Gran! Review- Asrospace Syslems Design Laboratory (ASDL)

RERLTE

ALISTe o 3 ( ) ’
Al TaweYia, ° -
ol ,6
i “w.&»

:

.




Sectiqn 5

1. Introduction and Research Setting/Summary

2. Overall Technical Approach for Affordable Systems Design
3. Methods Implementation and Testbed Applications

4. Key Advancements in Method Components

5. Conclusions/Summary

Dr Dimitn Mavris / Di_Dan Delaurentis P
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Summary of Year 2 Results

1. Significant enhancements to the TIES affordability environment est. in Year 1
o Pilot Studies: Environment prototype for Navy's F-18C, NASA’s HSCT, a notional 150 pax
transport, and a short-haul civil tiltrotor
& JPDM incorporation and validation; n-variate math model constructed
o Genetic Algorithm for technology combinatorial selection problems
® Fuzzy Decision tree constructed to treat stochastic affordable technology selection problem,
an evolution of TIES to include schedule/cost as well as performance

2. Completion of the investigative research into mathematical and soft computing
techniques and stochastics, resulting in:

o Web-based database of advanced math and soft computing techniques relevant to affordability

measurement and prediction, including current investigators, computer codes, and transition

status
& Several implementations of methods (Fuzzy sets, GA’s, Neural Networks)
& Roadmap towards stochastic methods established, research goals prioritized

3. A powerful mathematical tool to examine the simultaneous impact of vehicle
requirements & technologies has been created and initially tested on a F/A-18C case,
including carrier suitability constraints.

4. Methods have been integrated in Graduate level curriculum

Dr Dimitri Mavns / Dr, Dan DeLaurentis 5
Georgia Institute of Technology ASDl s

Alanta, GA 30332-0150
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Key Research Innovations

* Recognizing the need for a physws based quantltallve link between
affordability metrics, uncertamty, and technology infusion, the use of
disciplinary metric k- factogs was a breakthrough in facxhtatmg affordability
decision-making ./ A M.»

- S
/ \ .

vxablhty, the “5-Step FeasnblhtyN iability” proeess “including TIES, was an
important breakthrough \.\ "

e % ;l ‘v\,\
o ;

« A mathematical envifonment ch}lecting req}i:iréhlents,"design variables, and
technologies for simultaneous ex-amination-‘during concept formulation

+» Recognizing the need for a probabxhstxc measure that did not have the
shortcomings of traditional arithm etic composue objectives, the JPDM was an
important breakthrough

» Finally, the TIES environment Wwas a “integration breakthrough” which
incorporates many of the other breakthroughs

Dr Dimitri Masris 7 Dr Dun Debaurents

Gewrgis Institute of Technology AS ” w

Atlants. GA 30332-0150
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(Ongoing and planned)

ONR Code 36 :
Basic Research in Affordability Science b

Gov’t/Industry Collaboration/Technology Transfer

NAVAIR-Pax River - Mngt. Briefed; Validation study with F-18 or JPATS
NAVSEA-China Lake - Strong interest in ASDL methods for hypersonic missile
NUWC - ASDL methods for torpedo validation and design app.
STTR - Affordability for Surface Combatants
STTR - Simulation-Based Acquisition, Affordability Science
Lockheed Martin (Ft Worth) - UCAV Technology Impact Forecast (TIF)
- Manufacturing (JSF)
Boeing (St. Louis)yDARPA - Application to Study of Synthetic Jet Tech.
Boeing (Long Beach) - MUST Cost Initiative for C-17
NASA Langley SAB - HSCT TIF, Subsonic Transport TIF
- Goal-Based Outcome Study
Air Force Research Laboratory - UCAV TIF
ONR/Boeing/Lockheed - Composite Affordability Initiative
Rolls-Royce Allison - T-406/V-22 TIF
. General Electric Aircraft Engines - Robust Design Simulation Applications .
Gel
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Grant Publications Update (June 98 through Oct. °99)

ST RATS RS 3 TR MR & T R R TR U
Journal Articles submitted and accepted:
1. Mavris, D.N., DeLaurentis. D.A.. Bandte. O., Hale, M.A., “The Role of Al in a New Virtual Aircraft Design Environment,” accepted
and 10 be published in special issue of Engineering Applications of Artificial Inselligence (EAAD), estimated publication in early 2000.

Conference Papers presented and in process of submittal to Journals in ‘99

I. Mavris. D.N., DcLaurentis, D.A., A Stochastic Design Approach for Aircraft Affordability,” 21st Congress of the International
Council on the Acronautical Sciences (ICAS), Melbourne, Australia, September 1998. ICAS-98-6.1.3. (intended for AIAA Journal of
Aircraft}

2. Bandic, O., Mavris, D.N., DeLaurentis, D.A., “Determination of System Feasibility and Viability Employing a Joint Probabilistic
Formulation”, 37th Aerospace Sciences Meeting & Exhibit, Reno, NV, January 11-14, 1999. AIAA 99-0183. (intended for AIAA Journal
of Aircraft)

3. Mavris, D.N., Kirby. M., Qiu, S.. “Tcchnology Impact Forecast for 2 High Speed civil Transport,” AIAA/SAE World Aviation
Congress and Exposition. Anaheim, CA, September 28-30, 1998. AIAA-98-5547. (intended for ... TBD)

4. Daberkow, D.D., Mavris. D.N.. "New Approaches to Conceptual and Preliminary Aircraft Design: A Comparative Assessment ofa
Neural Network Formulation and a Response Surface Methodology”, World Aviation Congress and Exposition, Anaheim, CA.
Scptember 28-30, 1998. SAE-Y85509. (intended for ... TBD)

5. Mavris, D.N., Kirby. M.. “Technology identification, Evaluation, and Selection for Commercial transport Aircraft,” for presentation at
5&th annual conference of Society of Allied Weight Engineers, May 1999.

To be presented:
1. Mavris. D.N., Daberkow, D.D.. "Knowledge Representation, Utilization and Reasoning in the Conceptual Aircraft Design Process.”
Abstract submitted to the World Aviation Congress, San Francisco, CA, Oct. 19-21, 1999.

2. Mavris, D.N,, Kirby. M.R.. Daberkow, D.D., “Technology Evaluation and Selection via a Genetic Algorithm Formutfhtion for
Acrospace Sysiems.” Abstract submitied to the World Aviation Congress, San Francisco, CA, Oct. 19-21. 1999.
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ONR Grant; ASDL Ph.D. Student/Staff Support

Number of Ph.D. Students Supported: 8

Ms. Debora Daberkow (ASDL) Mr. Oliver Bandte (ASDL)
Ms. Danielle Soban (ASDL) Mr. Andy Baker (ASDL)
Ms. Elena Garcia (ASDL) Ms. Linda Wang (ASDL)
Ms. Shobana Murali (Math) Mr. Noppadon Khiripet (EE)

LS

Number of Masters Students Supported: 8

Multidisciplinary Professional Team: 8

Dr. Dimitri Mavris (AE) Dr. Daniel DeLaurentis (AE)
Dr. Dan Schrage (AE) Dr. Mark Hale (AE)

Dr. Leonid Bunimovich (Math) Dr. George Vachtsevanos (EE)
Dr. Jimmy Tai(AE) Dr. Ivan Burdun (AE)

+ Over 40 students exposed to methods in graduate design curriculum

Dr. Dimitri Mavris / Dr. Dan DeLaurentis
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Some Future Plans

Validation Studies (Collaboration with Navy Centers)
Application of methods to new systems for Navy

te lHoc

et 2,

athematical Modelihg/Solution for‘ Miiitaf}; A}'CHRequirements
Technology Landscapes

Develop methods for revotlnry technological change

Dr Dumite M ris / Dr. Dan Delaurentis ls”

Geotgia Institne of Technology l ""‘3
Aanta, GA 303320150 pl— 3N
wwx asdl gatech edu =

1999 ONR Grant Review- Aerospace Systems Design Laboratory (ASDL)

40




